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PREFACE 


Purchasers of Achromatic Telescopes, mounted 
equatonally or otherwise, having frequently requested 
me to furnish them with a concise statement of the 
leading principles upon which the construction and 
application of such instruments depend, it occuired 
to me that I should best consult the convenience of 
such applicants, by preparing for the press a brief 
sunnnaiy of the subject This I have done, and the 
following pages are the result It must, however, be 
understood that these do not contain any discussion 
of punciplcs, and if m my attempt at explanation of 
them I have exceeded the scheme I originally pro¬ 
posed to myself, it has been m those cases only m 
which the simplicity of the subject appeared to be 
favourable to my so doing At the same time, in the 
order I have adopted, my especial object has been so 
to ducat the mqmrcr, that ho may find little difficulty 
in detci mining precisely upon what points he re¬ 
quires more elaborate scientific information, and, for 
his further assistance, I have supplied him with such 
references as seemed to me to be needful 
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THE 


ACHROMATIC REFRACTING TELESCOPE. 


Refraction is that bending which a ray of light suffers Redaction 
when it passes obliquely fiom a laiei mto a dcnsci medium, ^ectf 
01 the level sc This effect is seen if a stiaight stick be 
plunged obliquely into water, the pait lmmeised having the 
appearance of being bent upwaids 

It is also shown by the well-known experiment of placing 
an object, such as a com, at the bottom of an empty basm, 
and withdiawing the eye till the corn is concealed by its 
edge, when, if water be pouicd into the vessel, the com will 
1 eappeai 

Similar to the above is the effect produced by the atmo¬ 
sphere upon lays, which, proceeding hom the heavenly bo¬ 
dies, ti averse it on then passage towaids the eaith It is 
well known that the atmospheie diminishes in density as lis 
distance fiom the earth's surface increases, and to a spec¬ 
tator at this suiface the apparent altitude of a heavenlj body 
will, theicfoie, be greatei than its tine altitude In the ho- 
nzon the drffeicnce between the two exceeds the apparent 
dranretei of the sun, so that, as in the case of the com above- 
mentioned, an object may appeal above the horizon when it 
is leally below it 

A lens is a piece of glass, 01 other transparent medium, Lews 
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formed with a sphencal suiface or surfaces, and acts by its 
lefiacting powei It is eithei convex or concave 

If one side of a lens be flat it is jotow-convex 01 concave 
If both sides be eithei convex or concave, and the ladn of 
curvatuie be equal to one anothei, the lens is said to be 
double convex 01 concave If the cuives of a lens be of un¬ 
equal radii, it is said to be crossed 

If one side be convex and the othei concave, it foims 
either a meniscus or a concavo-convex lens, the foimei ha¬ 
ving the effect of a convex, and the lattei of a concave lens 

The axis of a lens is the line 
which joins the ccnties of the 
spheies of which its sui faces aie 
sections, and it is evident that 
around this line the lens is m 
eveiy icspect symmetrically disposed Thus a b is the axis of 
the lenses c and d 

Paiallel lays entering a convex lens aie convcigcd towaids 

the axis and meet m a point f\ 
called the focus The distance 
of / fiom the ncaicst suiface of 
the lens is called the local di¬ 
stance 

Paiallel lays enteung a concave lens divcige fiom the axis 

The focus J is the point 
m which the diveiging 
lines would meet il 
pi odu ced backwai ds 
thiough the lens to the 
axis In this case the 
focal distance is said to 

be negative 

The focal distance in the case of a plano-convex lens is 
equal to the diametei of the sphcie of which the lens is a 
section 

The focal distance in a double convex lens is equal to the 
radius of the spheie of which its surfaces are sections 
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The local distance m the case of a ciossed lens is found by 
dividing twice the pioduct of the ladn by then sum 

The same lulcs apply to the dctcimmation of tlic foci of 
concave lenses, and foi all lenses made of plate glass the le- 
sults wlII be veiy ncaily conect, but the seveial kinds of 
glass, and other substances, of which lenses can be foimed, 
having different dcgiccs of lefiactmg powei, the focal di¬ 
stance, which depends upon this lefiactmg powei, will, to 
some c\tcnt, vaiy accordingly 

The focus foi paiallcl lays is teimed the puncipal or solai 
focus, and is the point upon which the lays fiom a celestial 
object aie condensed, thus, the paiallel lays a o will be con- 
veigcd to/, the puncipal focus of the lens, hut it the radiant 

Fig 4 
cu¬ 
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point be near ci to the lens, as at b , then the focus will be le- 
moved to f ! , and these two points, b and f, aie teimed con- 
]ugatc foci, and aie in all cases convertible thus, if/ become 
the ladiant pomt, b will be changed into the focus 

II lays fiom an object a (tig 5 ) pass thiough a small hole 
m a wmdow-shuttei i, an mvcitcd Fig 5 

image of that object will be foimed, „ 
eitliei upon the opposite wall, oi upon * 
a piece ol white papei oi scicen, placed 
at any distance, as at c Now, if the hole be enlarged, and a 
convex lens, tlic focal length of which is equal to b , c, be 
fixed m the wmdow-shuttei, the size of the image will lemain 
unaltered, but the brilliancy and distinctness will be increased 
by the gi eater quantity of light leceivcd by the lens and 
condensed upon tlic scicen at ( 

Let c (fig G) be an imago of the object a fonned by the 
lens b upon a seimtiansparent scicen Now, if' this image 
be viewed by a lens d 9 of shortei focal length than that of b , 
the combination becomes a telescope, ol which b is the ob- 
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Spherical 
aud cluo- 
matic aber¬ 
ration 


Sphcncal 

abeiration 


ject-glass and d the eye-glass The image m this telescope 
will be seen inveited 

Fig 6 

0 *• 

A 

The telescope invented by Galileo consisted of a convex 
object-glass b (fig 7 ), and a concave eye-glass c placed within 


Fig 7 
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the focus of b Objects aie by this telescope shown ciect, 
but the field of view is small, being limited by the apciture 
of the pupil of the eye This combination of lenses is now 
known, and almost exclusively used, as an opeia-glass 

If the lays pioccedmg fiom an object, and passing tlnougk 
a convex lens, weie all conveigcd to points situated m the 
same plane, the task of making a perfect telescope would be 
a vciy easy one indeed, but this is by no means the case 
The optician has two difficulties to oveicome, one ansmg 
from the foim of the lens, and the othei fiom the unequal 
refiangibihty of the scveial colouied rays of which hght con¬ 
sists—the foimei pioduces what is called sphencal, and the 
lattci chiomatic abeiration 

We m the fiist instance spoke of the focus of a lens as a 
point Stnctly speaking, howevei, those lays only which 
aie lefiacted at the same distance fiom the centie of the 
lens, mtci sect one anothei m one and the same point, which 
is theicfoic the focus of only a single ung, and the foci of 
difieient lings aie sepaiatcd by small distances along the 
axis Thus, the rays which pass thiough a ring of the lens, 
which is situated neai to the axis, have a focus moie distant 
fiom the lens, than those which pass thiough a ring near to 
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the cncumfercnce, as is shown by fig 8, where/and/ repre¬ 
sent the foci of marginal and of neaily central rays The 

Fig 8 



distance from / to / is called the longitudinal sphencal 
abcnation The lateial abenation compichends a cncle, of 
which a, b is the diamctci 

The erne of spherical abcnation is effected by giving 
suitable foims to lenses, and anangmg them accoiding to 
methods which aie largely discussed m all works on optics 
The icmoval of chiomatic abcnation, oi the production ol 
the achromatic object-glass, is the effect of an cvpcdicnt of 
so much beauty and ingenuity, and at the same tune so 
comprehensible by the modelatcly scientific reader, that it 
shall be furthci tieatcd of m this place 

When a beam of light ( a , fig 9) passes thiough a small 


Fig 9 



cnculai hole m a win- 
dow-shuttci, and is ic- 
fi acted by a pi ism, if 
will be dispci sed, and 
if a scieen be interpo¬ 
sed for the purpose of 
leccmng the dispc t sed 
lays, a spcctnrm V, It 
will be loaned upon it Although the light on eutcung the 
pnsnr was peifectly white, it will now be separated into rays 
of various colouts, which will be airaugcd in the order of 
their refiangibility Itod, being the least refrangible, will be 
seen at It, and violet, the most icfiangiblc, at V, the in¬ 
termediate colours being orange, yellow, gicen, and blue 
Now, as in eveiy case of simple refraction thcie is the same 
development of colour, it follows, that when lays fiom any 
object pass through and are icfiacted by a lens, there will be 


I)isp< i sion 
l>y a pusui 


By a lens 
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Reunion of 
the colours, 
or achro¬ 
matism 


Achromatic 

object- 

glass 


a senes of colouied images, extending fiom V to R (fig 10), 
Fig 10 Y, R lepiesentmg the 

amount of longitudinal 
chiomatic abeiiation, and 
the geneial effect will be, 
that no distinct image is 
foimed, or can be formed, by a lens undei such cucum- 
stances 

Early experimentalists were led to the conclusion, that 
pnsms of all kinds of glass, pioducmg the same amount of 
mean refiaetion, foim spectia of the same length fiom V to 
R (fig 9), or, m other woids, have the same dispel sive 
power , and hence, that achromatism, or the destruction of 
colour, could only be effected by equal and opposite lenac¬ 
tions Now, as m such case, the leumted beam would emcige 
paiallel to its fiist dnection, they were led to believe that a 
lefi acting telescope, which icqunes the convcigencc of the 
rays m oidci to foim an image of the object, could not be 
made achiomatic This conclusion was found to be enoncous, 
foi flint and ciown-glass pioduce spectia of the same length, 
undei adiffeient amount of mean lefi action, and these sub¬ 
stances aie thciefoie made use of foi foimmg the achiomatic 
object-glass 

Let a (fig 11) he the section of half a convex lens of crown- 
glass, and b of a concave lens of flmt glass, A F then common 
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axis If cc y a ray from any remote object, fall upon the ex¬ 
ternal suiface of the crown-glass a , the red, oi least rcfian- 
giblc lay, will take the direction c ?, and the violet, the dnec- 
tion c v, and if these lays were not intercepted, they would 
pioceedto the axis, and form colouied images, as befoie shown 
(fig 10) The concave lens, however, now causes a divergence 
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of the lays to take place, and the ray v, being, as before, on 
account of its gicatei lefiangibihty, more bent than the lay 
7 , they giadually appioach each othei and aic leumted at F 
the focus, wheie a neaily colourless image will be foimcd 
It is stated above that the image will be newly colour¬ 
less It will not be peifcctly so, because no two media 
having diffcicnt dispci sive powers have yet been discoveied, 
by which aie foimcd spectia, wkciem the scveial colours 
have an exact piopoitionality the one to the other, and con¬ 
sequently, no ait ot the optician can peifcctly ie-unite, by the 
second i efi action, the colouis which have been scpaiated by 
the fust This effect, known undci the name of mationahty, 
is sometimes so gieat, that the formation of a toleiably aclno- 
matic object-glass out of two given discs of ciown and flint- 
glass is an absolute impossibility A cuie foi this defect has 
been attempted by mtioducmg a tlmd lens of plate glass, and 
sometimes with good effect 

The tcims under-cor r ecled and over-cor) ected, as applied to 
an object-glass, may hcie be explained By lcfcnuig to 
fig 11 , it will be seen, that the puiposc of the concave, oi col¬ 
lecting lens of flint-glass /;, is to effect the icumon of the 
lays V and 11 If it fall shoit of this object, the glass is in 
an undu-collected state, but if it do moie than is lequucd of 
it, the violet lay will have a focus beyond the red, and the 
oidei of the colouis will be mveitcd This would be a case 
of ovci-collection 

In foimei tunes, much uncertainty attended all experiments “■ 
on the solai spectium with a view to the collection of colour, lines 
in consequence of the difficulty of defining the limits of each 
colour They arc so softened off and blended one with an¬ 
other, that it is impossible to deteimmc, with any degree of 
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ceitamty, wheie one ends and anotliei begins* A discovery 
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Acnal tele¬ 
scope 


of modem times, howevei, has icmoved this difficulty The 
speetium is crossed by daik lines, visible though a telescope, 
which divide its length into definite spaces (fig 12) These 
lines are distinguished by a few of the letteis of the alphabet, 
as A, 13, C, &c , and it is now usual, when anything like pi e- 
cision is aimed at, to cxpiess the dispersive powcis of media 
by the lengths of the spaces included between the lines A 
and B, B and C, and so of the icst 

Having now taken a bnef view of the punciplcs upon which 
the construction of the achiomatic telescope is founded, the 

attention of the icadei may be dnectcd to then piactical ap- 
plication 1 

A telescope, as befoic stated, is a combination of lenses 
connected by a tube 01 tubes 

The tube or tubes m which the lenses aie set is called, 
technically, the Body of the telescope The end of the tube 
to which the object-glass is fixed, is the object-end, and its 

opposite the eye-end The nngs in which the lenses aie 
icistened aie teirned cells 

That m which the object-glass is fixed is the object-cell 
he eye-glass, oi glasses, togcthci with the tube containing 
them, form the et/e-piece ° 

The object and eye-ends of many of the caily telescopes 
some of which weie of gieat length, had no connecting tube 
whatcvci The object-glass was placed upon a pole, and the 
eye-piece held in the hand, oi fixed upon a icst or stand, at 
a distance fiom the object-glass equal to its focal length 

which in one made by Huygens for the Royal Society was 
123 feet 


Fig 13 lepresents an instiument of this kind, which was 
tcimed the Aenal Telescope 

In oidei to direct such a telescope to a stai oi planet* the 
observei, m a daik night, had first to find the object-glass 
which he did by the aid of a lantern He next changed his 
own position till the object-glass intercepted the view of the 
object to be obscived Then this object-glass, being fitted 
with a ball and socket motion, was by means of a stung oi 
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wne, extending to the obscivei's hand, turned about till it 
appealed tilled with a diffused light—an appealance which 
indicated that the axis of the lens passed thiough the object 
and the eye of the obscivei Now, without loss of time, the 
eye-piece had to be dnccted towaids the object-glass, and, if 
all weic dextciously managed, the obseivei would be giatified 
with a passing view of the object, only a momentaiy one, 
howovei, unless, by gicat and admnablc tact, the object-glass 
and eye-piece were moved simultaneously, so as to keep the 


Fig 13 



object witlim the field of view It will be obvious that such 
a telescope must have been so difficult to manage, that, to 
one accustomed to the convenient auangements of modem 
instruments, it is incomprehensible how any use wliatevei 
could have been made of it 

The body, in telescopes of the huger class, is usually of 
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Olio tube, 01 if Of two, they die fiimly united by a stiong 
wlew-joint in those of a smallei class, it is formed of 
scveidl lubes sliding withm each othci, foi the sake of poita- 

'hfy. iho ldttei foim is applicable only to pocket telescopes 
01 tcucstlljl Puiposes, m which small deviations fiom 
s i(lightness will not sensibly impaii the peifoimancc of the 
instiumeiit, but such a constiuction is wholly inapplicable 
° 1,lou 'poweiful telescopes, foi which the tubes cannot be 
loo ligid lies.me dei.ingiiig the conccntuc positions of the 
mtludul lenses, rind theiclbic injuimg the cficct 

\ciul lingSj oi islojn, <ue placed within the body of a 
<i leseope They seive the two-fold puipose of sticngthcnmg 
tin tube, and of cutting off all evtianeous light, which, if 
admitted, would diffuse a foggy oi nebulous appeal once ovei 
th<‘ whole field ol view, and mteifeie gieatly with distmct- 
uiss lhes<‘ stops have holes of such diamcteis, and aie 
ai ranged at such distances, that the light is limited to the 
(oik ol lays conveigcd by the object-glass Caic, howevei, 
must he taken, that the effective aputuie of the object-glass 
is not lessened by them, oi the advantages of the laigei 
mstuiment will be lost This may be piovcd by looking 
tmougli from the cyc-end of the telescope without an eye- 
piece, the eye being m or near the focus of the object-glass, 
lindei which eneumstanccs the whole of the object-glass 
should be seen, but all paits of the mteivcmng tube should 
be concealed 

The stops, and also the inside of the tube, as fai as piactx- 
ealik, .it all ('vents near the object-end, should be coveied 
with a dull black pigment, in ordci that no light may be 
n (leeteil m any diioction withm the tube The paint may 
boa compound eithei of an alcoholic varnish and lamp-black, 
oi ol gold size, spuit of tuipentine, and lamp-black In the 
ibrmoi (,ise ,i sufficient dcgiec of heat must be apphed to 
drive off the alcohol by iapid evapoiation, and in the lattei 
the paint must he laid on cold, and lemam a few days bcfoie 
the wink will be diy enough to handle The effect is the 
same whichever of these methods be adopted. 




11 


The peifoimance of a telescope depends, in no small dc- 
giee,*on the accuiacy of eveiy pait of the woik, the tubes 
should he stiaight, and the joints and colls veiy caiefully 
turned and fitted, foi, if these piecautions be not used, the 
lenses will not have a common axis, a condition indispen¬ 
sable to anything like a satisfactoiy effect 

The fitting and fixing of an object-glass within its cell is 
an opciation which icquncs a gieat deal of expeuence The 
lenses must not be so loosely held as to be at hbcity to 
change then positions, neitliei must they be so tightly fixed 
as to incui the smallest usk of being bent 01 pinched, cithci 
by the scicwing of the object-cell into the object-end of the 
tube, by couti action of the cell m cold weatlici, 01 by any othci 
cause 

Oidinanly, the object-glass is fixed in the cell by turning 
ovci the edge ft (fig 14), with a tool of 
haid polished steel, and this plan answeis 
very well foi pocket-telescopes, which aic 
used loi tcncstnal pui poses only, and, 
foi the most p.ut, m cleai and diy weathci 
But, loi an liistiuinent that is likely to be exposed to a humid 
atmosphcic, oi to the copious dews of some of the hucst 
nights foi astionomical obseivations, this plan of fixing is 
objectionable, as it effectually piecludcs the possibility of 
wiping the mtei ioi suifaccs of the louses, howcvei gicatly 
they may icqune it. 

A second method is to have a ling hciewed into the back 
of the cell {ft, fig 14), ancl picssmg veiy gently against the 
glass In tins case, a pm is soldcied within the cell m the 
dnection of its depth, and a notch being cut in the edge of 
each lens, it slides upon the pm, and is thaeby guided and 
ictamcd m its pioper position 

The effect of continition of the cell, in cold weathei foi 
example, is a cncuinstance which icqmies a special piovision 
m telescopes of huge apeiluic, foi if the cell were made so 
laige, that it could not pinch the glass in extreme cold, it 
would be lmpiopcily loose at the tempoiatuie of our waimcst 


Fig 14 
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seasons The plan usually adopted is to 
have three points of bearing within the cell 
a, l, c (fig 15), a and b being piojectmg 
paits of the cell itself, and c a moveable 
piece, piessed mto contact by the spimgs 
d, d , of which the stiength is legulated so 
that then united action will support the 
weight of the object-glass. 

I* ^ necessary to warn the inexperienced observer, who 
i *^d himself undei the necessity of lemovmg his object- 
l -**2 the cell foi the puipose of cleaning, that care 
» M Li taken to replace the lenses m all lespects as they 
T tun h it by the optician The same sides of the lenses must 
bt ill contact with each othei, and the same face turned to¬ 
rt d-thi object —an enoi in eithei of these lespects will 

* \ '1 -poll the peifoimance of the object-glass Many mis- 

* - nt tW kind have occuued in the course of the author's 
*' » i jnd have pioved vexatious and expensive to those 

v\» thtv have been committed One of the most ie- 
> dt v oa was the leturmng of a large and powerful telescope 
t'd' * a distant part of the woild, with an elaboiate paper on 
’be cl,tects of its peifoimance, which were all lemoved by 
i c^uimg the lenses to then pioper positions within the 

ttil 

Wien an object-glass is set m a cell from which it can be 
r jr 16 removed, it is customaiy to put marks upon 
- . a ^ the edges of the lenses, as shown by fig 16, 

1 by which, whethei the object-glass consist 

__ two oi thiee lenses, the faces which must 

be m contact aie cleaily pointed out Fui- 
thermoie, it may be noted that m a double 
'•Irtrt-da-s, i. e one consisting of two lenses, the convex 
nmst be the antenoi, 01 that which is turned towaids the 
“ Jicct, and, m an object-glass consisting of thiee lenses, the 
'■irivicewhich is ground to the shoitei ladius is geneially the 
.x’itoiioi face J 

hvetiit m cases of necessity howci ei, an object-glass should 
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nevei be lemoved fiom its cell. The only reasonable excuse 
foi doing so, is, as befoie intimated, the removal of moisture 
which may have accidentally penetiated between the glasses, 
and when this has ically occuued, inasmuch as its effect will 
be to pioducc a peimanent stam, and m some degree to im¬ 
pair the brilliancy of the instrument, the sooner it is wiped 
off the better 

The heavy flint-glass, which has a laige quantity of lead 
m its composition, is pcculiaily susceptible m this lcspcct, so 
much so m some specimens, that exposuie for a short time 
to a moist atmosphcie, moic especially if it be chaigcd with 
any appicciable quantity of sulphuretted hydiogen, pioduccs 
rapid decomposition of the polished suiface, 

A soft silk handkeichief, 01 a carefully chosen piece of 
chamois leather, may, perhaps, be most safely used foi wiping 
the suifaces of an object-glass, and the application of a few 
diops of alcohol will assist m lcmovmg any lmpuutics that 
adlicie to the sui faces of the lenses When nothing but 
loose paitides of dust lequne to be removed, a soft cameTs 
hau biusli is by fai the best instrument foi the puipose. 
Neccssaiy, howevci, as an obseivci may find it, in the event 
of an accident, to meddle with Ins object-glass, it is much 
bettci, if possible, to avoid the occasion altogether and to 
this end the utmost caic should be taken to keep it out of 
the reach of dust 01 moistuie 

A telescope used at night m the open ail should be fui- 
mshed with a dcw-cap, which is a cylinder of metal, black 
within, bught without, arid made to fit upon the object - 
end of the telescope—its length vaiymg from 8 to 18 inches, 
according to the apeitiue of the glass This, undci ordinaly 
circumstances, will piovc a sufficient defence 

In damp wcatliei it is advisable to lcmove the object-glass 
iioin the mstiument, even if it be undci eovci ol an obseiva- 
toiy This recommendation, as will be obvious, applies only 
to the object-glasses ol equal onnlly mounted telescopes, and 
not to those of mendian mstmments, foi m the lattei ease 
the lemoval of an object-glass would disturb the adjustments, 
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< l nd involve the astronomer in a good deal of tiouble and 
annoyance, wheieas, m the foimei, the lcmoval and ie- 
placing of the object-glass can mtioduce no cuoi of the 
smallest consequence. When an object-glass is out of use, 
it may be safely kept m a closely fitting metal case 

As bcfoie mentioned, the heavy flint-glass, ol which many 
°f the finest telescopes aic made, is the most liable to con¬ 
tact stains, and to such a degreem some instances, that the 
utmost caie and vigilance are necessary in oidei to pi event it 
l^i Faiaday has suggested the mrung of litliaige with tlic 
black pigment with which the interior of a tclescopc-tube is 
usually coveicd, the effect of which would be to piotect the 
ilmt-gla&s against the attacks of sulphuiettcd hydrogen, the 
gioat enemy m an atmospheie like that of London 

Thus much concerning the pieservation of an object-glass 
A lew hints will now be given as a guide to the testing of its 
quality, and correcting its adjustment when needful. 

The consideiations especially to be attended to, aic, the 
puuty of the matenal, and the collection of the two kinds of 
<ibenation—the sphencal and the chromatic It will, of 
com sc, be obvious, that, in addition to these matteis, good 
woilvinanship m the formation of the curves, and judicious 
mounting and adjustment within the cell, aie conditions in¬ 
dispensable to fine peifoimance, foi, even with good mate- 
nals, and due attention to theoiy, it is impossible to pioduce 
a good object-glass without a competent degiec of piactical 
skill m woikmg and mounting the lenses of which it is com¬ 
posed 

Some judgement as to the puuty of the glass may be 
formed m the following mannei — 

Duect the telescope to the mounts limb, or to the planet 
Jupitci [In the absence of these objects, a watch-dial fixed 
up at a distance of foity 01 fifty yaids will, to a ccitam ex¬ 
tent, answei the puipose ] Take out the cye-piecc, and place 
the eye m 01 neai the focus of the object-glass Then, if 
the eye be moved about so that the patch of light, with which 
the object-glass appeals paitly filled, be made to pass and 
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icpass slowly across its suiface, any mcgulai icfi actions, 
and especially the piesencc of veins, will be immediately 
detected 

With legaid to the sphencal and chiomatic ahenations, 
the evtent to which the fiist has been eliminated will be 
shown by the pcimanencc of the focus, whcthci the image he 
foimed by the centic 01 by the ciicumfeiencc of the object 
glass, and the last, by tlic absence of the moie bulliant co- 
loms of the spectium, foi, as bcfoie stated, a pcifcct leunion 
of all the colouis is in general unattainable 

For the adjustment of an object-glass, an artificial star, 
foimed by the sun’s image icflected fiom a polished hcmi- 
spheie of daik-colouicd glass, 01 the ball of a biokcn thcr- 
mometei tube, placed at any convenient distance, say fiom 
thuty to sixty yaids, is an excellent object, so likewise is a 
small circulai white disc upon a black giound The image 
should appeal shaip and well-defined, and if, on being put a 
little out of focus, the cnlaiged disc docs not expand equally all 
round, but piesents an elongated figure Flg . 17 

in one dnection, such as fig 17, the dc- 
feet is gcnci ally atti lbutablc to the mount- 
mg—not to the glass—and anscs fiom ■ 
the object-end being tilted upon the tube 
This defect may be collected m the fol- ■ Jj| 

lowing manner 

llclcasc the sciews by which the object-end is fastened to 
the tube, and with a small wooden mallet give it a few gentle 
blows, citlici mwaids towaids the eye-piece, on that side 
whcic the elongation appeals, 01 outwaids on the opposite 
side [This dnection supposes an inverting eye-piece to have 
been made use of] In this way the position of the object- 
end may be lcctihed, and the operation must be lcpcatcd till 
the enlarged disc opens conccntucally, 01 till the cuives (fig 17) 
become ungs of light, and aie equally distributed around the 
ccntial nucleus When this has been effected, the sciews 
may be again tightened 

The tightening of the sciews should be done gradually, 
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passing lound the object-end tluce or fom times, and not 
diivmg home one sciew while the othcis remain loose If 
this caution he not attended to, the position of the object-end 
may be again dcianged, and the opeiation lcquire to be le- 
pcated 

The judicious leader, keeping in view the above explana¬ 
tions, will kaidly find himself at a loss to detcimuie, and col¬ 
lect any oidmaiy defect 01 dciangcment to which a good 
object-glass is subject 

The peifoimance of a telescope depends moie upon the 
eye-piece than is oidmanly imagined A bad eye-piece will 
undo the work of a good object-glass, and, consequently, loo 
much caic cannot be used in making the selection 

The loss of light by lcflcxion and absoiptiou m an eye¬ 
piece consisting of two oi moie lenses, has induced some ob- 
sciveis to give the piefeicnco to a single lens, eithu convex 
01 concave—and, if such a lens be made adnoniatic, one veiy 
senous objection to its use is to a gieat extent lemoved 
Theic will icinain, howevei, the inconvenience of having so 
small a field of view, that the working of a telescope with 
such an eye-glass, especially if it have any high dtgicc of 
magnifying powei, must be tioublesomc andembaiiassmg m 
the extreme 

Foui 01 five lenses, vaiymg m focal length fiom about one- 
tenth of an mch to an inch, aie sometimes mounted in a ic- 
volvuig disc, foi use as eye-glasses Tins <ui an gen lent is con¬ 
venient m so fai as it enables an obsctvei to change the mag¬ 
nifying powei, without the tumble and loss of time attending 
the miseiowing and screwing of eye-jueces, but glasses so 
mounted aie much less likely to have then axes coincident 
with the axis of the object-glass than those mounted, each one 
m an accuiatcly turned cell The practice llieiefoie is not 
lccommendcd 

The cye-piece most m use, and altogether the best adapted 
fox astionomical puiposes, is the lluygenian <n mnjaUvo eye¬ 
piece. It is icjnesi nted m section by fig 18, a bang the 
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field-glass and b the eye-glass They aie generally of the 
plano-convcv foim, the convex suifaces being turned towaids 


Fig 18 



the object-glass. The latio of the focal length of the lenses 
is usually as 3 to 1—1 lepicsentmg the eye-glass, but this 
admits of some vanation It is, howevei, indispensable to 
aclnomatism that the distance between the lenses be equal to 
half the sum of then focal lengths 

The stop c , c, by which the field of view is limited; is fixed 
in the focus of the eye-glass by and the eye-hole d is of such 
magnitude; and at such a distance fiom the eye-glass, that 
the emcigont pencils may just find a passage thiough it 
This hole selves as a guide to the eye, both as legalds its 
place in the avis of the telescope and distance fiom the eye¬ 
glass The passage of lays pioceedmg fiom an achiomatic 
object-glass is shown m the figuie, wheie it will be seen, that, 
afiei icfiaction by the field-glass, they come to a focus at c, at 
which place an image of the object is formed The lays again 
open, and by passing thiough the eye-glass b aie conveiged 
towaids the point wheie they entei the eye, and foim an 
image upon the letma, winch is seen mveited 

The rule foi finding the focal length of a lens equivalent 
to an eye-piece of this description is this Divide twice the 
pioduct of the focal lengths of the lenses which compose it 
by then sum, thus, if the focal lengths of the field- and eye¬ 
glass be 3 and 1, that of the equivalent lens is equal to 

2x3x, 

4- 7=1 * 

It is usual to fit upon each eye-piece a daik glass cap 

r 
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These caps form a senes of shades, and apply, as occasion 
may requne, to the eye-pieces indiscriminately 

The positive or Ramsden^s eye piece (fig 19), has its focus 
beyond the field-glass at a, and is therefoie adapted foi use 



with micrometeis and othei mstiuments which have fixed 
wncs or spidei's threads m the focus of the object-glass, a 
case to which the negative eye-piece, m consequence of its 
having the focus between the glasses, is not suited The 
lenses aie plano-convex, the convex sides being turned to- 
waids each othei, the focal lengths of the lenses aie equal 
to one anothei, and the field-glass should be so fai within 
the focus of the eye-glass, that pai tides of dust upon the 
foimci cannot be seen when looking through the latter 
The lens equivalent to an eye-piece of this descuption, is 
found by dividing the pioduct of the focal lengths of the 
lenses composing it, by then sum less the distance be¬ 
tween the lenses hence, if the focal length of each lens be 
1 5 inch, and the distance between them 1 inch, it will be 


1 5x15 225 
3-1 “ 2 


125 = 1£ neaily 


The dnection given to the rays in their passage through 
this eye-piece is shown by the figuie, by which it will be scon 
that in this case, as in the previous one, the image is seen 
mveited 

The election of the image, however, is effected by the eye¬ 
piece next described, and which, on account of this piopcity, 
is called the terrestrial eye-piece. 

Tig 20 represents m section this eye-piece as it is now 
constructed 

It contains foui lenses, a , b, c, and d , c and d form a ne¬ 
gative eye-piece, which can be unsciewed from the terrestrial 
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tube and employed separately for astionomical purposes 
indeed its power as an eye-piece is usually so ananged that 

Fig 20 



foi ms the lowest of the senes fitted to a telescope, and is we 1 
adapted foi the observation of comets and nebulae, 01 for th 
exploring of the heavens, a service to which the highei power 
are unsuitable 

The com sc of the i ay /, g , tiaced through the several lense e 
will show the piocess by which the inverted image foime 
at /, by the object-glass, becomes erect at h m the focus c 
the eye-glass, wheie a stop is placed to define the field c 
view There is also a stop at i where the rays cioss, the smal 
hole in which lequncs a caicful adjustment, foi if this b 
not attended to, cither the effective apertuie of the object 
glass may be diminished, or extianeous light will be suffere< 
to pass thiough, and mtcifere with the distinctness of th 
image 

The magnifying powci of this combination of lenses cai 
be increased by increasing the inteival between b and c, am 
this is effected m the following manner A tube of suitabl 
length and chamctci has an mtcnoi tube of nearly equa 
length sliding fieely withm it The lenses a and b aie fixe* 
at one end of the cxtenoi tube, and c and d at the opposit 
end ol the mtenoi one, and by this means the distance b 
can be increased or diminished at pleasure, and the magni 
fymg power vancd accordingly 

The reason of the mciease of power by the increase of th< 
distance b c, is simply this —Any ray m its passage from i 
falling upon the maigm of the field-glass c, will be mon 
neaily paiallcl to the axis as the distance b c is mci eased 
whilst the dn ection of the ray m passing from c towards < 

c 2 
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will remain constant, or veiy neaily so Now the magnify¬ 
ing powei depending paitly npon the relative dnection of 
these two paits of the ray, any altciation in that of one of 
them, that of the othei not being alteicd propoitionately, will 
pioduce the effect mentioned 

The external appeal ance of this eye-picce is seen at hg 21, 


Fig 21 



the graduated scale upon the mtenoi tube shows the vana- 
tion of powei due to any amount of separation of the lenses 
m the figuie the power indicated is 63 

The diagonal Adaptei (fig 22) is a 
contrivance foi facilitating obseiva- 
tion neai the zenith 

It consists of two tubes, b and d, 
soldered together with a rectangular 
elbow A plane reflectoi is so placed 
at c, where the axes of the tubes meet, that a lay entering by 
the axis of one tube is leflected centially thiough the othei, 
consequently an object in the zenith will be seen by an ob- 
seivei looking horizontally thiough the cye-piece. The 
sciew on the outside at b fits into that of the focus tube, and 
that m the inside at d receives the eye-pieces The diagonal 
eye-piece differs fiom the adapter only m having a field-glass 
at b and an eye-glass at d, it is a positive eye-piece, and is 
used for micrometeis and othei instruments of that class 
For an ordinary telescope, however, the adapter is bettei than 
the eye-piece, inasmuch as it admits of all the powers being 
used "with it 

Fig. 23 represents a form of diagonal pi ism especially 
adapted for miciometeis. Its pimcipal advantage is that it 
may be used with all the positive eye-pieces of the instru¬ 
ment, but it is objectionable on one account, namely, that it 


Fig 22 
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icmoves the eye to too great a distance fiom Fl S 23 
the eye-glass, and consequently, with high 
powei s, veiy much diminishes the field of 
view Upon the whole, howevei, this is 
found to be the most convenient foim of 
diagonal foi its puipose, and is theiefore in 
most gcneial use 

For some instruments, which, fiom peculiarity of con- 
stiuction, do not admit of the eye being placed near enough 
to use eithci the duect, 01 the shoit diagonal eye-picce, it is 
necessaiy to anangc the tcnestnal eye-piece foi diagonal ob- 
seivations Fig 21 shows the method adopted m such cases, 


Fig 24 



m which the glass pusni at a serves the double puipose of 
leflectoi and lens 

The magnifying powei of a telescope is found by dividing 
the focal length of the object-glass by that of the eye-glass, Telescopes 
and, should the leadei wish to obtain it in any paiticulai 
case, he will now e\pcnence no difficulty, the lulcs foi find¬ 
ing an equivalent lens, both for the Iluygenian and Rams- 
den’s eye-piece, having alicady been given Rut m cases m 
which gioat accuiacy is icquncd, the following moic simple 
and piactical method is now umvei sally adopted 

Let the telescope 4 be dnectcd to any distant object by day¬ 
light, and accuiatoly adjusted to locus If the obscivei then 
withdiaw Ins eye to about the distance at which he secs ob¬ 
jects distinctly, lie will perceive a speck of light in the veiy 
centre of the eye-piece This speck, of light is an image oJ 
the object-glass, and the latio of the diameter of the object- 
glass to that of its image icpicsents the magnifying powei 
11, thercfoic, the fonuci bo divided by the latter, the quotient 




22 


Dyna- 

meter 


will be the quantity sought Thus, let the object-glass have 
a clear apeiture of 4 inches, and the image above descubed 
measure 2 £ divisions upon a scale of hundredths of inches, 

4 4000 

2 . e 025 of an inch Then 7 ^ = —— =160 is the powei 

025 25 r 

sought 

I may again remark that each eye piece must be adjusted 
to focus before the measuie is taken, otheiwise the conclusion 
will be enoneous, and this adjustment for a telescope used 
astionomically, should be to the pnncipal focus of the object- 
glass, and ought, theiefoie, to be peiformed by means of a 
star 01 planet If this be done at night, and maiks made 
upon the tube indicating the place of focus for each eye-piece 
lespectively, the tube can afterwards be reset by these maiks, 
and the images measuied by daylight 

The Dynameter, of which two kinds will be briefly de¬ 
scribed, is the instrument employed in measuring the image 
of the object-glass upon the eye-glass 

Fig 25 represents m section the more simple instiument 


Fig 25 



of the two It consists of a compound micioscopc, the body 
of which slides within an external tube a, a At b a disc of 
paiallel glass, or a slip of mothei-of-peail is fixed, upon which 
is a scale of equal paits, gencially of 200 divisions to the 
inch, each fifth and tenth division being longer than the 
mtei mediate ones to make the counting moie easy Now, 
by means of the object-glass c, a tenth of an mch, when in 
focus of the microscope, is made to measuie 50 divisions upon 
the scale and, consequently, each division lepicsents 
or decimally 002 of an inch The image and the scale aie 
both equally magnified by the eye-piecc d 
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To make use of the Dynameter proceed as follows — 

1 Hold up the mstiument to the light and adjust the eye¬ 
piece so that the scale b may be distinctly seen 

2 Take the external tube a, a between the thumb and 
foie finger of the left hand and place it against the eye-end of 
the telescope then, with the right hand, move the body of 
the micioscope within the external tube till the image upon the 
eye-piece of the telescope is seen, m the field of the micio¬ 
scope, clcai and well-defined Finally, obsei ve how many divi¬ 
sions upon the scale b aie equal to the diameter of this image, 
factional parts of a division being estimated by the eye. 

Fig 26 lepiesents the double image Dynametei This in¬ 
strument consists of a box,«, 
containing two semi-lenses, 
one of which is fixed and 
the other moveable by means 
of a fine miciometei-sciew 
Whole revolutions of the 
sciew aie maiked upon the 
side of the box, and paits of 
a i evolution upon the mi- 
ciometei head b c and d 
aie sliding tubes foi adjustment to focus The tube c con¬ 
tains two lenses, a convex and a concave, by which, in con¬ 
nexion with the seini-lenscs bcfoie mentioned, a definite 
value m parts of an inch is given to the micrometci scale It 
is usual so to airangc the optical part of this msti ument that 
five ievolutions of the miciomctci-scicw measure 01 of an 
inch, and, as the miciometci head is divided into one hun¬ 
dred parts, each division upon its scale mcasuics *- 7 ™ or 
0 0002 of an luck. 

The phenomena obsei ved with the double 
image Dynameter arc the contacts, on opposite 
sides, of two circular discs as represented m the 
accompanying figuic 

Half the sum of the two leadings which cor¬ 
respond to these phenomena will give the true 


Fig 27 



Fig 26 
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chametei If , when the images aie m exact coincidence, the 
two scales, namely, that upon the box for whole i evolutions, 
and that upon the miciometei head foi actional paxts, aie 
both at zero, a measure on one side only will suffice, but, as 
it is haidly possible foi an instrument to be so nicely ad¬ 
justed as to be absolutely fiee fiom index error , it is bettei m 
general to depend upon half the sum of the two leadings 

A good idea of the magnifying powci of a telescope may 
be foimed m the following manner. Let it be pointed to an 
object, the moon for example Then, if the observci can keep 
both his eyes open (this, if he find difficult at fiist, will, 
aftei a few tnals, become sufficiently easy), he may with one 
of them look through the telescope at the magnified image, 
and, with the othei, dncctly at the object m the heavens 
By a little motion of the telescope the object and image may 
be biought togethei, and a toleiably collect estimate made of 
the magnifying powei if it do not exceed twenty 01 thnty 
times It must be obscived, howcvci, that this dnection is 
given lathei as a pleasing way of making magnifying power 
appaient, than as a means of measuiing the amount of it, foi 
this can only be done coucctly by one of the two methods 
above descubed 

The degree m which magnifying powci can be made use 
of to advantage will in many cases depend on cucumstanccs 
nrespective of the goodness of the object-glass, such, foi 
example, as the state of the atmosphere, and the quality of 
the object under obseivation Indeed, in a gencial way, low 
and medium poweis aie fai moie useful than high ones * 

It lemams foi me only to lcmaik, and the incxpeiienccd 
will do well to keep it m mind, that the finest telescopes aie 
frequently supposed to fail simply fioin the cncumstancc that 
the obseivei is unacquainted with the phenomenon foi winch 
he is looking 
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OF STANDS FOR TELESCOPES 

The way in which a telescope is mounted is by no means a 
matter of mdiffeience Many first-iate telescopes aie little 
used, 01 used to no good puipose, foi want of being filmly 
suppoited, and htted with such mechanical means as would 
enable the obseivei to find an object and examine it at his 
lcisuie, ficc fiom the vexations and annoyances that lesult 
fiom fiuitlcss attempts at managing a bad instrument It 
will be fai wisci, and pioductive of moic satisfaction ulti¬ 
mately, to have a telescope and stand duly piopoitioned to 
each othci, but of modeiatc dimensions, and, wheie piacti- 
cablc, placed undei covei of an obseivatoiy, than to expend 
all one's means m the attainment of gieat optical powei, 
tiusting to lopes and spais foi a momcntaiy glimpse of some 
mteicstmg object a lew times m the couise of a long summei 
The oppoitunitics wasted m tins manner, would, with a well- 
appointed instrument, yield a plentiful harvest of useful and 
gratifying obseivations 

I now proceed to the dcscnption of several fonns of Stand 

The Pillai and Claw Stand, as it is called, is that most Piilai and 
commonly used with telescopes of fiom 30 to 45 inches focal CLwbUnd 
length This stand is shown at fig 28, where it appeals m 
its simplest foim Its object is to enable the obseivei to give 
to the telescope two distinct motions, in planes at light angles 
to each other, and these plaucs aie, m the position m which 
the instrument usually stands, and that m which it is repre¬ 
sented m the figure, the veitical and honzontal Tins object 
is accomplished, with respect to the veitical motion, by means 
of the joint at a, and the horizontal motion by a conical axis 
carefully fitted into the capital of the pillai and seemed theie 
by a nut and scicw which aie not seen in the figuie If a 
small screw be taken out fiom ncai the top of the pillai, the 
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capital can be removed by unscrewing, and the acting paits 
cleaned and lubricated when it is necessary to do so 


Fig 28 



The legs are made to fold by means of joints, and, the 
pillar being turned down paiallel to the telescope tube, the 
whole is placed within a box of such size as to be conveniently 
poi table 

The head of the lack and pinion motion for adjustment to 
focus is repiesented at b In telescopes, howevei, which aie 
furnished with a long lange of powers, or m which a micio- 
meter sometimes takes the place of the oidmaiy eye-piece, 
the focus adjustment does not depend on the rack and pinion 
motion alone, but is effected appioximately by a second tube, 
which shdes fieely within that to which the rack is attached 
This sliding tube is called the tail-piece 

The bodies of telescopes of this class have sometimes a 
conical shape given to them, being much smallei at the eye 
than at the object-end This i& injudicious, for the only 
way by which such a telescope can be pointed to an object is 
by looking along the top and one side of the tube, and m 
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doing this the cylindrical form will be found by far the most 
convenient 

If two eye-picces be supplied with such a telescope, the 
one of lowei powei should be used foi finding the object, 
and a little piactice will enable an observei to leave it, when 
found,in such a pait of the field of view, that, by the time 
he has changed the eye-piece, it will appeal not fai fiom the 
centie of the field with the higher power 

The fust addition usually made to such an mstiument as TheFmder 
that just desenbed is a Fmdei (a, fig 29) This consists of 


Fig 29 



a small aclnomatic telescope which is attached to the body of 
the largei one, and owes its name to the puipose it is in¬ 
tended to scive* The cye-piece being of very low power, the 
field of view is, consequently, extensive, and it will thcrofoic 
be extiemcly easy so to dncct the mstiument as to rcndci a 
given object visible within it, and to bung this object to the 
inteiscction of the two strong wnos which aie placed acioss it 
at light angles to each othci. The axis of the findci, which 
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passes through the point of mtei section of these cioss wnes, 
is, by adjustment, made parallel to the optical axis of the 
largei telescope, and this adjustment being pci feet, a distant 
object which is seen m the mtei section will also be seen m 
the field of view of the principal telescope The adjustment 
of the finder is geneially effected by thiee small screws neai 
to its eye-piece, which piess against the edge of the diaphragm, 
to the face of which the cross wnes aie fixed It may be 
mentioned that for this adjustment it is not necessary to di¬ 
rect a telescope to the heavens, as a distant tenestnal object 
may be made use of successfully 

The veitical rack motion shown at b is anothei and useful 
addition to this kind of stand It consists eithei of two 01 of 
three tubes which slide within each othei, the largest being 
attached by a jomt to the base of the pillai and the smallest 
similarly secured to the eye-end of the telescope The two lai gci 
tubes slide fieely, but can be fixed m any position by an cm- 
biacmg clamp The smallest is moveable by rack and pinion 

To the veitical lack motion may be added with advantage 
means foi enabling the obseiver to communicate a slow lioii- 
zontal motion When this is done, and indeed geneially when 
even no more than a vertical rack motion is added, the con- 
stiuction of the veitical axis of the stand diffeis fiom that 
pieviously described 

The pillai mthis, as in the other case, consists of an outside 
and inside cone, but wheieas m the foimei the telescope was 
attached to an inside cone dioppmg into the outside one at a 
(fig 28), m the lattci the telescope is attached to the outside 
cone which drops upon the inside one, this being fumly attached 
to the base of the stand Upon the lower end of this fixed in¬ 
side cone a ring is made to move stiffly, and in the edge of this 
ring aie cut teeth to which those of an endless screw attached 
to the levolvmg outside cone adapt When theiefoic the ob- 
seivcr wishes to give a gieat 01 lapid houzontal motion, he 
has only to apply to the telescope foice sufficient to cause the 
outside cone, togethci with the ring, to revolve upon the 
inside one, whereas, whilst giving the slow motion by means 
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of the endless sciew, tlie ling, m consequence of the faction, 
lemams attached to the immoveable inside cone 

To the endless sciew applies a handle and universal joint Hook's 
(fig 30), commonly Fig 30 Joint 

called the Hookas 
Joint fiom the name 
of its inventor, a 
contiivance so well 

known as to icndei a detailed description unneccssaiy 


Fig 31 



By means of the two slow motions the observer may 
follow a star much moie pciJcctly and with gieatei facility 
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of three or more tubes sliding one within another, and termi¬ 
nating at its ends m uniyeisal joints One of these joints is 
attached to the object-end of the telescope and the other to 
the foot of the stand, as shown by fig 31 If the length of 
a telescope exceed four feet such rods are almost indis¬ 
pensable 

Of the mstiument lepiesented in fig 32, it may suffice to 
state that it is especially adapted to the puiposes of the tra- 
vcllei by whom considciable optical power with portability 
may be icquned 

The focal length of the object-glass is about thnty, with a 
clear apeituie of 2^ inches The legs are formed of tubes 
slipping within each other When diawn out they aie fixed 
at then gicatei length by turning the interim tube from 
light to left, until it abuts against a shoulder within the 
e\tenoi one 

Valley's Stand, shown at fig 33, is well adapted to the 
pui poses both of the optician and the amateui It is inex¬ 
pensive, film, convenient m use, and can be so ananged, that 
two tele scopes, between which a direct comparison is to be 
made, can be placed upon it side by side 

The fiarncs a and b aie connected by a pair of strong hinges, 
and, when open, aie biaccd by the bais c , c, which aie 
fastened to b by fingci-screws The same sciews, when the 
fiames are folded together, serve to hold the biacmg bais c, c 
against the sides of the frame a The elevating stage /, f ! 
mo\es upon hinge-joints, and is supported at any altitude by 
the pi op d o This pi op is adjustible, oi can be altered in 
length, fiist, by sliding an extenoi tube d upon a cyhnder 
within it, and fixing it at the requned place by the embracing 
clamp g , and, secondly, by tinning the screw c, which is a 
pi olongation of the mtenor cylinder, within the socket through 
which it passes, 

A cradle k h upon an axis i turns in a plane parallel to /, f, 
and m this cradle the telescope is laid and seemed by leathern 
sttaps 

At k aie two slow motions, both within convenient reach 


Varlev’s 

Stand 



of the obseivei’s hand, of which the uppci one is a lack and 
pmion foi the puipose of giving a latcial motion to the addle. 


Fig 33 



and the lowei one slightly altcis the elevation by varying the 
length of the side J l of the tnangle/Z» / These two mo¬ 
tions give to ail obscivei the powei of following a stai m tin 
same manuci as it is done by a combination ol the veitie.il 
and liomental motions m a pdlai and claw stand 
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THE EQUATORIAL 

Having now described such forms of Stand as aie in com¬ 
mon use for occasional inspection of celestial objects, and foi 
obscivitions of such phenomena as eclipses of Jupitci’s sa¬ 
tellites and occupations of stais and planets by the moon, we 
pass on to tlic Equatonal 

To a spcctatoi at the caith^s suiface, the heavens appeal to 
lcvolve on ail axis whose inclination to the honzon is equal 
to the latitude of the place, a phenomenon pioduced by the 
icvolulion of the caith itself, and foi a detailed explanation 
of which I may lcfei the leader to Woodhousck ‘Astionomy/ 
vol 1 cap 1 

A point in the axis of lotation, infinitely distant horn the 
spcctatoi as aie celestial objects in gcneial, would be sta- 
tionaiy, and othei points would appeal to desciibe cuclcs 
met easing in magnitude with an lncicasmg anguki distance 
liom the fits! point (called the pole) up to a distance of 90° 
or a q uadi ant, aftci which they would again dimmish towards 
the opposite pole. Now if we could, conveniently, place the 
Pillar and Claw Stand alicady described in a position m 
winch the axis of motion within the pillai (the lioiizontal 
motion in the usual position) should coincide with the axis of 
lotation of the heavens, i e give it an inclination to the 
honzon equal to the latitude of the place, it is clear that by a 
single motion ol the telescope, viz one of rotation about the 
said axis, the line of sight would bo made to tiace upon the 
celestial sphcio cuclcs corresponding to those in which the 
heavenly bodies appeal to move, these circles incioasmg as, 
by moving the telescope upon the second axis (that on which 
the vcitical motion is, m the usual position of the stand, pci- 
fouued), we mcicase the angle between the line of sight and 

i) 
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the fiist axis, just as the cucles which the heavenly bodies 
themselves appeal to desenbe mu case with mcicasing polai 
distance of the objects Fuitheimoie, it will be evident that 
the angle between the line of sight and the hist axis must be 

Fig 3i 



equal to the angular polai distance of the object obscivcd; 
and that the angle thiough vhicli the plane containing the 
line of sight and the said axis would revolve m following a 
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fixed stai between one point of time and another must, when 
convcitcd into hours, minutes and seconds, represent flic 
sidereal time elapsed 

By placing the Pillai and Claw Stand m the position just 
described, wc should, in fact, conveit it into an Equatonal 
Stand But, in the Equatonal Instrument, piopeily so called, 
the axes aie constiucted and supported m such amannci as to 
ensure to the telescope a degiec of steadiness piopoitionatc to 
the delicacy of the obseivations to which it may be applied, 
and they likewise have divided circles attached to them, which 
may be used either to mcasuic diffeiences of Right Ascen¬ 
sion and Polar Distance, 01 to dncct the telescope upon an 
object whose position is given m the Tables. We proceed to 
describe the mstiument m detail, selecting foi this pui pose 
the foim repiesented m peispcctive by fig 34, and m section 
by fig 35, the same parts being indicated by the same 
lcttcis 

a by c d repiesent the axes, of which a h, called the Polai 
Axis, is directed towards the pole of the heavens, and is sup¬ 
ported m this position by stone piers h andthe curved 
poition only, i\ of the latter being generally of cast non 
This axis terminates m cylindrical pivots, which lest m Ys, 
and one of these Ys, commonly the lower, is provided with 
means of adjustment, m ordci that the direction of the axis 
may be slightly altered when necessary This contilvance 
cannot be shown m the figure, but a similar one, represented 
m fig 35, will be alluded to piesently c d icpresents the 
dechnation axis This passes through the polar axis, and 
rests m collars, and, as the two axes should be at light angles 
to one another, the collar at the end d is adjustiblc by means 
of the screws s s The collai m which the end c revolves is 
held by pivots, which allow to it freedom of motion thiough 
a small arc, in order that the adjustment may be peifoimed 
without producing any strain The telescope, / t, is fixed at 
right angles to the dechnation axis, and firmly biaced m that 
position, its eye-end is piovided with means foi the adjust¬ 
ment of the line of sight 
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These consist of a Tiansit Eye¬ 
piece, containing a system of cioss 
wnes shown at fig 36, the line of 
sight passing thiough the inter¬ 
section of the middle vertical with 
the horizontal wire, and the whole 
system being moveable to the light 
01 left by sciews at a and b 

The angle between the line of 
sight and the polai axis is measured on the circle g , called 
the decimation circle This is divided into degiees and fi ac¬ 
tional paits, and these aie fuithei subdivided to any requned 
dcgice of minuteness by opposite verniers * upon an mdex- 
platc earned lound with the telescope When the line of 
sight is parallel to the polai axis, oi, m othei woids, is di- 
lcctcd to the pole, the index division upon each vermci 
should point to zero, and m older that it may be made to 
do so, means foi adjustment aie gencially applied to the vei- 


Fig 36 



* Let a 1) (fig 37) be a scale of equal paits, oi an aie of a giaduated 
cucle, and let it be required to constiuct a vernier by winch the posi- 


Fig 37 
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tion of zeio, upon c d, a moveable index, shall be asm tamable to 
one-tenth pait of a space upon the scale a b Take upon c d a length 
equal to nine paits upon a b, and divide it into ten Then, since each 
space upon c d is equal to nine-tenths of one upon a b 9 it follows that 
to cany the zero foiwaul onc-tenth of a space upon a b, wc have mcicly 
to make the line next m ads am e of zeio l^oi the lust division upon the 
vernier) coincide with the next foiwaul division upon the scale a b In 
like manner two-tentlis will bo indicated by coincidence of the second 
division upon the vcrmei, and the conesponding division upon the 
scale, and so on to the cud 

The same effect will be pioduccd if a space equal to eleven paits 
upon a b be divided into ten upon ( d The Inst is called a hading md 
the second a falfownitj \cimci 
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niers themselves A clamp and tangent screw near to Jc give 
the observei the powei of fixing the telescope at any lequncd 
polai distance, or of moving it slowly thiough an aic of small 
extent 

The angle through which the plane containing the line of 
sight and the polar axis 1 evolves is measured on the cuch f, 
called the houi-circle This cncle is divided to show poitions 
of time, the spaces upon it being 1440 m numbei, and each, 
therefore, icpiesentmg a single minute This is caincd lound 
with the polar axis^. At m 3 fixed to the piei, aie two 
veimeis, by which a leading may be made to a single second. 
The hours aie maiked fiom one to twcnty-foui The zuo 
divisions upon the veimeis should point to XII and XXIV 
when the decimation axis is honzontal, andmoidei that they 
may be made to do so, means foi adjustment aie applied to 
the veimeis themselves 

The edge of the houi-cnclc is racked 01 cut into teeth coi- 
lespondmg with the thieads of an endless scicw, which foims 
part of a clamp at n , and serves to give a slow motion to the 
mstiumcnt Such a motion is communicated by means of a 
lod o , tciinmatmg m an univeisal joint, and this maybe 
acted upon cithei by the observer himself, oi, m case the mo¬ 
tion is lequncd to he umfoim (as m following an object foi 

* In some Equatonals of the highest class the hour-encle is not per¬ 
manently fixed to the polai axis, but turns fieely upoi^tlie lowei pivot, 
and is kept in motion by the clock at the late of one l evolution m 
twenty-four sulci cal horns The horns mciease m the oiclei of light 
ascension, and they aie pointed to by an index fixed to the piei 

A second index is fixed to the polai axis, and is furnished with a 
clamp, by which it can he firmly attached to anypaitof the houi-cade, 
and, when so fixed, be earned lound by the clook-woik The positions 
of the indices aie so ananged that they point to the same dmsiou upon 
the houi-cncle when the telescope is m the meiuhan, and if they then 
radicate the sidereal time, oi light ascension of the meiidiau, it will be 
evident that the second index will, when the telescope is in anotha 
position, indicate the right ascension of that point ol the lieamis to 
which the lrne of sight is tin cc ted This impiovement was mtioduoul 
by the piescnt Astionomci Royal, and hist applied to the Noithumbei- 
land Equatonal at the Cainbudgc Obscivatoiv 



39 


example), by a clock But, in. older that the two actions may 
subsist independently one of the othei, it is usual to attach two 
such lods, one to each end of the screw, communicating le- 
spectivcly with the observer and the clock This anange- 
ment is shown m the figuie. This scicw is so mounted as 
to admit of its thieads being detached fiom the edge of the 
circle, when the telescope is to be moved lapidly through a 
laige aic 

The machinery of the clock r just now mentioned as com¬ 
municating to the instrument an uniform motion equivalent 
to the apparent motion of the heavens, is extremely simple 
The moving powei is supplied by a weight descending below 
the floor of the obscivatory, and the action regulated by a 
ccntufugal pendulum resembling m some lespects the go- 
vcmoi of a steam-engine The separation of the balls bungs 
a bieak into action, which pi events accelciation by applying 
the needful amount of faction*. A final adjustment to time 
is made by a miciometei-scicw seen at the back of the clock, 
and theie aic contrivances as well for stopping the clock in¬ 
stantaneously as foi attaching it to, or detaching it fiom, the 
tangent screw n 

In 01 dei that the wnes of the Transit Eyc-Piecc, 01 the 
spiders threads of the Position Miciometei, to be dcsciibed 
hcieaftei, may be seen at night, the field of view lcqunes to 
be illuminated This is accomplished by a lantern, Z, which 
icmams erect whatevei be the position of the telescope The 
light passes thiough an apeituie m the tube, and, falling 
upon a rcflcctoi, which is pcrfoiatcd in older that it may not 
obstruct lays m then passage fiom the object-glass, is dif¬ 
fused over the field of view The apeituie m the tube 
through which the light passes, can be instantaneously con- 
ti acted 01 altogethei closed at the observers pleasure, and, by 
this means, the amount of illumination may be adapted to 
the bnlliaucy oi faintness of the object under obscivation 
It has been noticed that some stais aie best seen tlnough a 

* Rcler to Monthly Notices of Royal Astionomicul Society vol m 
p 40 
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Adjust¬ 
ments 
of the 
Equatorial 


red illumination This, foi the occasion, is pioduced by 
placing a disc of luby glass between the lantern and the 
reflectoi. 

A Fmdei is an useful addition, and is generally attached to 
the telescope of an mstiument of this class 

A weight at the end of the declination axis is an equipoise 
to the telescope, and those paits of the mstiument which aic 
placed with it on the opposite side of the polar axis Upon 
this weight aie fixed two suppoits canymg cyhndiical pivots, 
with adjustments at light angles to each other, and to these 
pivots is suspended a spmt-level, v , by means of which the 
decimation axis may be set honzontal 

The conditions of adjustment m an Equatonal, liicspcctive 
of the position of the polai axis, are as follows — 

1st That the polai and decimation axes be at light angles 
to each othei 

2nd That the optical axis of the telescope, 01 lin e of sights, 
be at light angles to the declination axis 

3id That the verniers of the decimation eiiclc icad 0 when 
the line of sight and polai axis aic parallelf 

4th That the veimeis of the hour-cucle icad 0 when the 
decimation axis is honzontal 

Let. To set the decimation axis at right angles to the polai 
axis 

Place the spirit-level v upon the cylmdiical pivots on which 
it turns, and, by moving the houi-cncle, bring the an-bubble 
to the middle of the opening in tlic tube Now, lift it fiom the 
pivots, icvcise and xeplacc it If the level be m adjustment, 
the an-bubble will lesume its foimei position m the middle 
of the opening If it do not so, then, coirect half the euoi 
by moving the adjustible mveitcd Y at one end of the tube 
m which the spmt-lcvcl is fixed, and the remaining half by 
moving the houi-cncle If the spint-levcl have a graduated 
scale upon it, and the eiror lie withm the limit of the divi¬ 
sions, it is easy at once to apply the needful collection, but, 

1 Sometimes callid the line of collimaiion 
1 This supposes the mtuusto show polai distance 


i 
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however this may be, the above operation must be repeated 
until the adjustment is accomplished. Then, the houi-circle 
being clamped, turn the instiument half lound on the decli¬ 
nation axis, so that the spirit-level may be brought into the 
position shown, by the dotted lines at w If the bubble be 
not now, as befoie, in the middle of the opening, conect half 
the diff erence by laismg 01 depiessmg one of the pivots upon 
which the spmt-level turns, and half by giving motion to the 
houi-cnclc Finally, turn the instiument on the declination 
axis thiough an angle of ninety degrees, and should the air- 
bubble have changed its position, it must be made to resume 
it by means of the pan of sciews left untouched m the first 
and second adjustments 

When these collections have been perfectly made, an entire 
revolution of the declination axis will cause no distuibance m 
the position of the air-bubble, and it now remains only to 
turn the instrument half round on the polai axis, and to 
conect half the deviation of the spmt-level by means of the 
sciews ss, taking caie to lcleasc those upon one side before 
those on the opposite side aie pressed foiwaid,—a remark 
applicable to all snnilai adjustments 

2nd To set the line of sight at light angles to the decima¬ 
tion axis *• 

Screw m the Tiansit Eye-Piece, the wue-platc, or dia- 
plnagm, of which is shown at fig 36, and turn it round until 
a stai mns along the declination wnc a, b Set the telescope 
a little m advance of the stai, clamp the houi-cuclc, read thi 
vcimcis, and note, by a sidereal clock, the time at which the 
stai passes over the middle vcitical (01 mendian) wnc Turn 
the mstiument halt lound on the polai axis, and dncct the 
telescope again a little in advance of the same object. Read 
the vcimcis and obseivc the time of passage as before If 
the adjustment be conect, the intcival of time between the 
two observations will agree exactly with the difference be¬ 
tween the two leadings upon the koui-cnclc If it be not so, 
concft to the extent ol half the diffcience by means of the 
piopei sciews which act upon the diaphragm. .If a vciy 



distant object be visible from the observatoiy, this may be 
used instead of an observation of a heavenly body 

3id To make the verniers of the decimation-circle icad 
zeio when the line of sight and polai axis aie parallel. 

Dnect the decimation wire a b (fig 36) to any object in 
the heavens, and lead the verniers for polai distance 01 
decimation as the case may be Turn the mstiument half 
lound on the polai axis, le-dnect the telescope, and lead the 
veimeis as before Half the diffcicncc of the leadings will 
be an index eiroi, which, with the piopei sign, may cithci be 
applied as such to the observations, 01 collected by moving the 
verniers upon the index bai If the quantity be so small as 
not to affect theopciationof the mstiument m finding an ob¬ 
ject, it is recommended lathei to apply it m the foim of a 
collection than to attempt its icmoval by distuibmg the 
veimeis 

4th To make the veimeis of the houi-cnelc lead 0 when 
the decimation axis is horizontal 

Having biought the decimation axis to the honzontal posi¬ 
tion as was done m the couise of the fust adjustment, set the 
zeio divisions of the vcmicis to coincidence with the divisions 
maiking XII and XXIV horns lcspectively 

These sevcial adjustments having been carefully and satis¬ 
factory gone thiough, the final lcctifieation with lespect to 
the heavens is not a difficult opciation 

It is piesumcd that in the election of an instrument of tin* 
kind, the pieis have been so placed that the polai axis when 
adjusted may be neaily ccntial wlIIi respect to the lowoi one, 
and likewise that the Ys have been fixed to the pieu in posi¬ 
tions such that the final adjustments may be witlnn the langc 
of the piopei scicws*. The opeiatoi, having by some pie- 

* A xnendian line sufficiently exact foi the election of the pieis may 
fie obtained by the shadow ol a plumb-line at appau nt noon, oi by 
bisecting the angle between two shadows obseived at equal intervals 
befoie and aftu it This supposes the time to be known at least as 
coucctly as it is usually given by a good wateli, but, ui ignoianee ot 
the time, the old expedient of equal altitudes ma> be lesoi tul to This 
consists in placing an upnglit pm in the centic of seveiai eonientnc 
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paiatory tnals assuied liimself upon this point, may proceed 
m tlic following rnannei 

1st To give to the polai axis an elevation equal to the 
latitude of the place 

Select fiom the catalogue m the Nautical Almanac any 
standaid stai which may happen to be near the meridian, and 
set the veimcis of the declmation-cncle to the polai distance 
collected foi lcfraction Then, if the star does not xun 
along the declmation-wnc, it must be made to do so by ele¬ 
vating 01 depiessmg the lowei end of the polar axis, as the 
case may lequne 

2nd To set the polai axis in the meridian 
Dnect the telescope upon a known stai about six hours 
fiom the mcndian east 01 west, and lead the veimers of the 
declination-cncle. This leading, coirected for refraction*, 
should be the star's polai distance as given m the Tables 
J3ut, if the stai he to the east of the mendian, and its tabular 
polai distance exceed the mstiumental leading, the lower 
pivot of the polai axis will be to the west of its tiue place, 
and must be moved accoidmgly If the tabulai polai di¬ 
stance be less than the mstiumental reading, the pivot must 
be moved m the opposite dnection 

Should the stai obseived be to the west of the mendjian, 
the effects of an enoneous position of the polai axis will be 
icveiscd, and tlic adjustments must be made to correspond 
Operations 1 and 2 must be lepeated in oidei until the re¬ 
sults aic satisfactory 

Another method of pciformmg adjustment 2 may be 
briefly mentioned Set the decimation axis honzontal, and 
by means of the adjusting scicws which act upon the lowei 
Y make the middle vcitical wnc bisect a stai near the equa¬ 
tor at ihe moment of its passage ovei the mendian Should 

tucles (hawn upon a liou/ontal plane, and making a maikwheie the top 
<>( tlu* shadow oi the pm lulls on each tiule before and after noon 
The Insertions of the mtucopted aics should be m a diameter common 
to all the tu(Its, which diametei will be the mendian 

1 Rcfei to Introduction to Ghccnwieh Observations foi 
p Wmv 
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Different 
foims of 
Equatonal 


the observer have no meridional mstiument by which he can 
obtain time correctly, he may observe with the Equatorial the 
passage of a stai near the zenith, and use the time thus ob¬ 
tained for adjusting on the Equatonal stai The operation 
should be repeated until the icsults are satisfactory, and when 
this is the case adjustment 1 may be completed with all nc- 
cessaiy accuracy 

In conclusion. The verniers of the hour-cnclc will lequnc 
a final adjustment after the rectification of the polar avis is 
complete For this purpose let the decimation axis be caie- 
fully levelled, and the verniers moved into then respective 
places by the adjusting screws piovided for that purpose 
The mstiument, the coustiuction and adjustment of which 
have just been explained, is known as Sisson’s Equatonal, 
and it has been selected foi the put pose of illustration on 
account of its simplicity, and the consequent ease with which 
all its parts can be represented and distinctly ticatcd It 
now remains to notice, briefly, such other forms of Equatonal 
mstiument as aie in common use 

Fig 38 repiesents Fiaunhofei^s foun of Equatonal, m 
which a is tlic polai axis and b the attached lioui -c lrcle, c the 
decimation axis and d its attached circle Means for the ad¬ 
justment of the polar axis aie piovided at e, and of the de¬ 
cimation axis at / The zero of the verniers is adjustible 
by means of opposite scicws at q and h respectively ; % is the 
duvmg clock, which is connected with tlic honi-cuclc by a 

rod not seen m the figure 
The spini-level, k y applies 
to cylindrical paits just 
within the beat mgs ol file 
decimation avis, and is 
more direct and efloctive 
m its action than the one 
previously descubod Tin 
whole is suppoitcd upon a cast -11011 stand 

The piincipal advantage attending tins hum of constitu¬ 
tion is, that the telescope will teach evuy pait ol the hcaw us 
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Fig, 38 
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without mtcnuption, whereas, m Sisson’s foim, it will be 
seen that the uppei suppoit of the polai axis must mtcifeic 
to some extent with obseivation of objects about and below 
the pole It is to be obscivcd, likewise, that this instiumeut 
is moie easily elected than the polai axis of Sisson, which 


Fig 39 
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lcquncs much caicful preparation m oidei to ensure its being 
within the limits of the adjustments, whereas, m this case, 
a, simple pedestal of stone 01 buck, 01 if the mstiument be not 
of laige size, a stiong and dimly biaced wooden stand, is all 
that is icquncd 

Fig 39 icpiesents an instrument of the same foim in so fai 
as the position of the telescope is concerned, but the houi- 
nnd declmation-cnclcs aie differently placed, and the clamps, 
being neai the telescope, act most effectively and with perfect 
liecdom liom toision, an effect against which, m the last- 
descubcd mstiument, it is necessaiy to guaid, by giving gieat 
stiength to the polai and decimation axes The adjustments 
ioi the elevation and mendional position of the polai axis are 
upon the top of the column In other lespeets the figuie 
will lie sufficiently explanatoiy 

Fig 40 icpiesents an Equatonal much used foi occasional 
obseivation of celestial phenomena m some legions of the 



Fig 40 
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heavens From the construction of this instrument, it will be 
seen that the telescope cannot be ducctcd upon objects about 
the zenith or pole but, the fiamc, which constitutes the 
stand, being of wood, it maybe easily lcmoved fiom one place 
to another, and set approximately in position, and it is theic- 
forc well adapted to obscivation of such phenomena as occul- 
tations, or the inspection of objects about the zodiacal legion 
Thence it has been called the Zodiacal Equatoual 

Fig 41 is a longitudinal section of an instiument in which, 
like Sisson's, the length of the polai axis exceeds that of the 
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telescope This polai axis, however, instead of being formed 
of a single shaft, consists of an open frame, so const meted 
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that the telescope may occupy a cential position within it, 
a circumstance favouiable to the geneial symmetry of the in¬ 
stillment, and advantageous in some lespects with refeience 
to the openings thiough the dome by which tbe instrument 
is coveied 

The paitial mtenuption to vision at and below the pole is 
a fault loi which theie is no remedy 

abed lepiesents the polar axis, m which a and b aie two 
siimlai cast metal flames, each having a cylindrical pivot m 
its centie, c and d foim the sides, and are either an open 
fiimly biaced fiamework of metal 01 wood, or hollow cones, 
01 semi-cyhndeis, strengthened by diaphiagms judiciously 
ananged within them These sides are securely fixed to the 
end fiames, and altogcthei form an axis free to a great extent 
fiom flexuie 01 torsion The telescope and dechnation axis e 
have the foim of an oidmaiy Tiansit Instrument, and the 
buppoit at one end of the axis is adjustable, m ordei that the 
two axes may be placed at right angles to one another The 
decimation cncle is shown at/, and this is counterpoised by 
a similai cnclc, g, upon the edge of which the clamp and 
tangent scicw aie usually made to act The horn-circle, h } 
is eithei uninoveably fixed to the lowei pivot, or tuirung freely 
upon it, can be clamped m any position for the prnpose explain¬ 
ed ni the note at the foot of page 38 The minoi appliances 
«uo generally similai to those of Sisson's Equatoiial, and to 
t real of them m this place would consequently be a needless 
i ('petition This foim of mstiument has been adopted by the 
Astionomci Royal for some of the laigest woiks of the kind 
that have yet been executed m this countiy, of which two ex¬ 
amples aLe the Northumberland Equatorial at Cambridge and 
that m the Observatory at Liverpool 

The Equatorial lnstiumcnt, as usually constructed, is de¬ 
signed for a paiticulai latitude, 01, m other woids, the in¬ 
clination of the polai axis does not admit of variation thiough 
any considerable extent of aie Instruments, howevei, aie 
made, in which the polar axis moves thiough an entne qua¬ 
drant, and thus admits of rectification foi any latitude what- 
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ever This kind is appropriately termed the Universal Equa¬ 
torial Sisson’s installment, indeed, by a due regulation of 
the height of the pieis, can have any lcqiuicd inclination 
given to its polai axis, and so far it is umvcisal, but its le- 
moval and le-crection would be attended with too much laboui 
and expense to make it, in that sense, at all useful to the 
scientific tiaveller 

The Umveisal Equatonal is shown at fig 42 All the paits 
above the houi-cnclc a so closely resemble the concspondmg 
paits of the mstaument lepiesented at fig 38, that they will 
be lecogmsed by the leader without fuitlici explanation 
The whole mstaument turns upon the latitude axis c, to 
which is attached a graduated quadiant indicating the eleva¬ 
tion of the polar axis E is an equipoise foi the paits of the 
mstaument situated above the axis c 

Two spuit-levels arc fixed upon the base at e and f These, 
when properly adjusted, scive to indicate the genet al coucct- 
ness of the mstaument with lespcct to houzontality, and pie- 
vent the necessity for applying the level to the declination axis 
so fiequently as might otheiwisc be thought desnablc 

The mstaument is levelled by means of the feet scicws, and 
thiee plates aie given foi them to rest upon In one of these 
plates an adjustment is introduced, by which a small dcgice 
of motion in azimuth may be given to the whole instillment 
This serves for the final lcctification to the meridian 
To adjust and rectify the mstaument foi observation 
Place it upon the pedestal, and, with the veimcis ol the 
hom-cucle set to XII and XXIV, tum the whole nmnd fill 
the telescope points to the meridian as ncaily as can be ascer¬ 
tained Set the latitude quadiant to 90°, and by means of 
the feet screws bring the levels e and f to the middle of then 
respective openings 

Apply the level to the decimation axis, and by lcvcision, 
as befoie directed, adjust it within itself 

Turn twelve horns and concct the declination axis, half 
by the adjustment of one of the Y’s m which it lests, and hall 
by one of the foot screws 
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Turn six hours and do the same by means of the meridian 
foot sciew alone, and the polai axis will now peiform an 
entue 1 evolution with no sensible distuibance of the axis-level 
In this state of things the levels e and / may be finally ad¬ 
justed b} the screws at then ends lespectively 

To correct the zeio of declination 

Take the altitude 01 zemth distance of any distant object, 
tmn twelve horns and lepeat the obseivation Half the sum 
w ill be the true altitude or zemth distance, to which reading 
the veimers may be set by then pioper adjusting sciews 

The same distant mark will serve foi an appioximate ad¬ 
justment of the hne of collimation, having due regard to the 
eccentucity of the telescope, but this adjustment should be 
finally coirected by refeience to the heavens as befoie directed, 
m page 41 

To conect the veimers of the houi-cnele. 

Place the polai axis hoiizontal Do the same with the 
decimation axis by means of the spnit-level, and set the 
verniers to XII and XXIY. hours These verniers are held 
by the sciews b b 

If the polai axis be now set to the latitude of the place, 
the instrument is rectified m every lespect except as regards 
its final meiidional position, and this last adjustment may be 
peiformed by either of the methods alieady explained. 

If the time and the latitude of the place be known, such 
an instrument can be placed pietty neaily in the mendian m 
the following manner — 

1st Elevate the polai axis to the latitude of the place, 

2nd Set to the decimation of the object 

3id Compute the hour-angle, or distance of the object 
fiom the mendian, and set the hour-circle verniers accord¬ 
ingly 

4th Tmn the entire instrument round upon the feet 
screws, having regaid to the spirit-levels, until the object 
appeals m the centie of the field of view, and the mstrument 
will then be found so neaily lectified that the telescope can 
be directed to any object at pleasuie 
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Application 
of tlie 
Equatorial 


A vertical axis upon which the whole instiumcnt may in¬ 
volve would much facilitate this method of fixing the Univt i sal 
Equatorial, hut it is seldom applied on account of its mci casing 
the weight and expense of the instrument, at the same tunc 
that it lenders it less steady. 

Eig 43 is a combination of the Zodiacal and Univt 1 sal 
Equatonals, and its several paits will he evident fiom ail in¬ 
spection of the figure. 

I have finally to mention the seveial puiposcs to which an 
Equatorial may be duected 

Time is the first requisite of the piactical astionomer, and 
this, m the absence of a Transit Instiumcnt, maybe obtained 
appioximately by means of the instrument under considcia- 
tion The following would be the mode of piocccding 

Having attended carefully to the adjustment of the decli¬ 
nation axis, bung the instrument to the position correspond¬ 
ing to zeio (24 houis) upon the houi-cnele, and tlieie clamp 
it If the adjustments aic peifcct, the lme of sight will now, 
when the telescope is made to lcvolve upon the decimation 
axis, move m the plane of the mcndian, and the instiumcnt 
may be used as a transit Should theic he a small deviation 
fiom the mendional plane, it must be lound by means of 
obseivations of high and low stais, and collected lor by tin 
usual methods^ 

The sideical time being known, the telescope may be pointed 
to an object in the following mannci Take from the Cata¬ 
logue the decimation (oi polai distance as the case may l en¬ 
quire) of the object, and set the veimcis of the declmaiion- 
tirclc accordingly Next take its light ascension, subtract 
this fiom the light ascension ol the mcndian plus 21* horns, 
when the lattci is less than the foimcr, i e when the stai is 
to the east of the meridian, and set the vermeis ol the hour- 
circle to the resulting diflcicncc The stai should then be 
seen m the field of view 

If the star be ncai the honzon, its place will be consult i- 
ably affected by lcfraction Under such circumstances tin 

■* Consult Penny Cyclopedia, aiticks k Tiansit ’ aud ‘ Kquatonal 
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obseivci should use a low powei for finding and bunging an 
object to the centie of the field of view, applying afteiwaids 
such othci powei as he may find expedient 

The leveise of the piocess employed m finding an object, 
the place of which is known, will give the place of an object 
befoie unknown It must however be mentioned, that an 
equatoual, applied in this way, especially if turned a consider¬ 
able distance fiom the mendian, will give places appioxi- 
mately only, and, if gieatei exactness be lequued, the mstiu- 
ment must be used diffcicntially, that is, the place of the 
unknown object must be detei mined with lefeience to a 
known one m its immediate vicinity in older that the icsults 
may be as little affected as possible by flexuic of the tele¬ 
scope, 01 otliei distuibmg causes consequent on change of 
position 

Having dnccted the telescope to the object, a comet for 
example, and seemed both the clamps, obscive the time of its 
passage ovei the mendian-wnes, and i cad the polai distance 
fiom the dcclmation-cncle Leave the houi-cncle undis- 
tuibcd, and, having set the declination-cu cle foi a known 
stai, following, and not vciy fai fiom the unknown object, 
await its aiuval, and obseive the time of passage and polai 
distance as bcfoic * It will be obvious that the diffeicnce 
between the obscived times of passage will be the diffeicnce 
m light ascension, and the difference between the leadings of 
the declination-cncle the diffeicnce of polai distance of the 
two objects After an observation sufficient foi detcimimng 
the place of the unknown object with such accuiacy that 
the obseivci will be able to find it again, the stai of compa- 
nson may dthei piecede 01 follow nidiflei ently If the ob- 
seivei have any doubt about the state of adjustment of his 
instrument, the polai axis should be tinned tluough 12 hours, 
and the above opciatrou lepeated Tins and othei expedients 
will pi cheat them&elvis by degiecs to one who diligently 
occupies himself with this kind of woik. 

* In making these obsuvations, the Miciometei may be used with 
advantage 
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Of all inqunies, howevei, m which the possessor of an 
equatorial can be engaged, the examination and measuimg of 
double and multiple stais is by fax the most interesting It 
may be pursued whenever the weathei permits, and the ob- 
seivations, if made with ordmaiy care, and with an instiumcnt 
of sufficient power*, will be extiemcly valuable 

By an observation of a double star, we dcteimme the^c/ 62 - 
tion and distance of the objects which compose it The fiist 
is the aic inteicepted between the noithem point of the men- 
dian of thelaiger of the component stais (which is supposed to 
be m thecentie) and a line passing thiough the centres of the 
two, and the last is the angulai distance between the two 
Let the space included within the cncle of fig 44 lepiescnt 


Fig 44 



the field of a telescope, and NS the meridian passing thiough 
the star a, the othei component being b Let the circ um foiencc 
be divided into 360°, commencing at the noith point and 
increasing m the order repiesentcd m the figure Then the 
angle N a b is the angle of position f The distance is mcasuicd 

* A large proportion of the double stars may be well obseived with 
a telescope of foui inches apeiture 

t This is accoiding to Sir John Heischel’s nomenclature, nowpictty 
geneially adopted Foi information concerning the dillcrcnce between 
this and that of Sn W Heischel, and foi othei exceedingly useful 
matter connected with this subject, the leadci isieferred to the “ Com¬ 
panion to the Maps of the Stais,” b> A De Moigan Baldwin and Co , 
1&36 
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upon the line a b , and this, as well as the position, is deter¬ 
mined by means of either the parallel hne or the double 
image miciometer, appendages which shall now be briefly 
described 

The Paiallel Line Position Miciometer is shown at fig 45: Paialiei 
a is the position-circle formed of two plates, one of which may Jiarf Micro¬ 
be attached to the eye-end of the telescope by means of an *&eter 
adapting screw, and the second turns freely upon the first 
A hole through the centies allows the cone of lays fiom the 
object-glass to pass to the diaphiagm 

The edge of the fixed plate is giaduated and numbered 
from 0 to 360, m the Older lepiesented at fig 44 Two 
verniers upon the moveable, oi index plate, read each to one 


Fig 45 



mmute of arc, and this plate is earned round by rack and 
pinion motion Upon the mdex plate is a paiallel box 6, and 


Fig 46 
~b c 
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Adjust mi ut 
ol Mu to- 
mi'U t 


t ns cm nos within it a system of lines, of which one, a a 
(lif; !(»), tailed the position-line, is fixed, and two otheis, 
h b, ( ( , at i i^lit, angles to it, aie moveable Each of these 
is atlathed to a mreiometei-sciew, of which the milled heads 
and < neuLu s<al< sc c (fig 45) pioject beyond the cncumfc- 
n k me oi the posit ioh-cii cle, and each of the cnculai scales, by 
nhult the humhedth part of a revolution is shown, turns 
upon its snow to admit of adjustment to zcio The entne 
it volutions ol the sciew aie indicated by the notched scale 
sun within the hold ol view (fig 46) The zcio division of 
tins si ah is tlist mguishcd by its teimmatmg in a cnculai 
hoh, and when the two lines coincide m the middle of this 
illusion the /eto lines upon the cnculai scales should com¬ 
mit with then respective indices They may be made to do 
so, whin net diul* by holding the milled head family with one 
hand, anti with the othei tuinmg the scale lound to the re- 
quin d position. 

Pieuous to using the mstiument foi the dctcimmation of 
tin pootiun and distance of a double stai the following steps 
will hi necessary 

1 st Set the Nonucis to 360° and 180° upon the position 
en< I<\ anti turn the entne imcioraeter lound within the eye- 
end of the telescope till a stai mns along the line b b oi c < 
The position wne and zcio of the cnele will then he m ad¬ 
just mt nt It is almost needless toiemaik that this operation 
will have to bo repeated whenevci the mieiomctei is replaced 
aft 11 lemnval 

Mud To determine the value (m aie) of the revolutions ol 
tin mu iometer-H< rows. 

lb imam oi the rack and pmion motion set the vcimcis 
to <10 and \!70 M upon the position-circle, or, m other words, 
lit (in stai now mu along the lmc a a Open the paiallel 
hues to any number of revolutions apart, and obscivc the time 
omiptul b\ any standaid stai (if ncai the pole the bcttoi) 
m pas-am; iiom line to line. The pioduct, mtcival m sc 
coiuU of turn X 15 x cosine of stai’s declination, will he 
thi numlu i oi set ouds of ait equivalent to the numbei of ic- 
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volutions by which the lines aie sepaiated^. The value of 
the scale once well detei mined may be used on eveiy occasion 
alteiwaids with the same telescope 

We may now dnect the telescope to a double stai, and Method of 
piocced as follows tion 

By means of the lack and pmion, turn the position line 
till the two stars aie bisected by it, and the vcinici will then 
show the lequned angle of position Next, move the paiallcl 
lines b b and c c till each of them bisects one of the stais 
The levolutions and paits taken fioni the scales and conveitcd 
into aie will give the distance sought 

The usual and pioper method of proceeding is to leave one 
of the lmcs fixed at zeto, and, by moving the mstiument, 01 
by turning one of the scicws of the Slipping Piece t, if the 
mstiument be furnished with one, to make this lmc bisect each 
stai alternately The bisection of the second stai is made with 
the othci line, and the leading of its micrometer head le- 
coidcd Each pair of leadings will obviously give the distance 
between the objects, fiec from index error, inasmuch as the 
distance between the first and second position of the micro¬ 
meter line is equal to twice the distance between the objects 

* Although the icsult of the method above described will be the 
most accurate, the value o i the scale may nevertheless be deteimmul 
by refernng it to the divisions upon the decimation tilde Having set 
the vennei of the position tncle to /eio, open the parallel lines any 
immhei of revolutions, say twenty Move the mstiument upon the de¬ 
duction a\is until one of them bisects a stai, andm this position lead 
the voimcis of the declination tnclt Then by means of the tangent 
sciew move the instrument until the otlici line bisect', the same stai, 
and again lead the vemicis The difteunce of these leadings will he 
the minutes and seeonds of arc equivalent to twenty revolutions of the 
miciometoi-screw 

i This is simply a bo\ containing a fiame, to which two motions at 
right angles to each other may he given by means of delicate scicws, 
the bov adapting to the end oi the telescope and the muiomctci to the 
moveable fiame It is useful whin a clink is employed to give motion 
to the mstiument, lor it enables the obseivei not only to collect toi 
any small inequality oi 01101 m the tale of the dock itself, hut likewise 
to make the lines bisect any object without distmhing tluu idative 
position oi interfiling with the appaiatus (onnceled with the dock 
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Double¬ 
image Mi¬ 
crometer 


It hardly need be suggested that at least five measures of posi¬ 
tion and as many of distance should be obtained, and a mean 
of them taken It is not however necessary that the bisection 
with the fixed line should be of each star alternately, the 
same star may be bisected by it any numbci of times success- 
ively, but then, throughout an equal numbci of succeeding 
observations, it should be made to bisect the second stai 
The negative Achromatic or Bailow lens * is fiequently 
supplied with the Paiallel Lme Position Miciomctei It is 
introduced between the eye-picce and the object-glass, and 
has the property of increasing the magnifying powei n re¬ 
spective of the eye-piece, by which means the increasing of 
the apparent thickness of the lines with such mciease of 
power is avoided An adapting tube (fig 47), having a sciew 
near the middle of its length, fixes mto the eye-tube of the 


Fig 47 
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telescope The Barlow lens is at a, and the micrometer, oi 
other eye-piece, at b 

The double-image Micrometer is, m pimciple, similar to 
the Dynameter desenbed at page 23 It consists of an 
eye-piece having four lenses, of which the second (fiom the 
object-glass) is bisected, and has one of its segments move¬ 
able by a micrometer-screw The entile revolutions of this 
screw aie shown upon an extenor scale, and the fi actional 
parts upon the micrometer head The scales should each 
read 0 when the eye-picce shows but one image The fiist 
or extenor scale, is adjusted by the maker, and the scale of the 
micrometer head m this case, as m the one just tieated of, 
turns round upon the screw for the puipose of adjustment to 
zero. The magnifying power is varied by a change of the 

* Philosophical Transactions, 1834 
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lens next the object-glass, for which purpose four lenses are 
usually suppbed 

There aic two first eye-pipes, m all lespects similar to one 
another, excepting that m one of them a single wire is 
stietched across the middle of the field of view, which wne 
is essential for the adjustment of the position-circle as well 
as for obtaining the value of the revolutions on the micro- 
metei-screw. The other eye-pipe is used foi making the 
observations 

A fiame, adjustable by means of a screw, is placed between 
the eye-piece and the position-circle, its object being to give 
to the images formed by the two segments an equal degree 
of bulliancy 

The position-cit cle lesembles that of the paiallel line mi- 
ciometci , indeed it is common to have a single circle to 
which one or other of these mstiuments may be applied at 
pleasuie 

To adjust the zcio of the position-circle 

Dnect the telescope to a stai, sepaiate the images, and turn 
the cye-pipc till they aie bisected by the wire This step places 
the wncma line with the ccnties of the semi-lenses Finally, 
set the veimcis to 3G0° and 180° upon the position-circle, and, 
retaining them theie, turn the entne micrometei within the 
eye-tube of the telescope, till the stai continues bisected by 
the wne when the telescope is moved upon the decimation 
axis This adjustment is then complete 

To obtain the value of the micrometei-screw. 

Set the veimcis to 90° and 270° upon the position-circle, 
separate the images any numbei of revolutions, say 10, and, 
having clamped the houi-circle, note the mteival of time be¬ 
tween the passages of the two images of the star across the 
wne The interval x 15 x cosine of star's decimation will 
give the value sought 

The above preparation having been carefully made, the 
position and distance of a double star may be thus deter¬ 
mined 

1st Foi Position —Sepaiate the images, and, by turning 
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the index-plate of the position-circle by means of the lack 
and pinion motion, place the foni stais in a stiaight line 
The veimeis will then show the angle of position 

2nd For Distance —Let the stais be designated a and b 
Place a upon b, and b upon a alternately, and the mean ot 
the readings will give the distance fice fiom index cuoi 
For double stars of veiy nearly equal magnitudes, 01 ioi 
such as are too minute to bear an illuminated held, this m- 
strument is well adapted * 

* Foi fuithei mfoimation on this subject, icfoi to pnpus h\ tin 
Astionomei Royal mvol \v ofthe Memons ol the Ko\al Astumomu il 
Society, and m the Inti odnction to the Gieonvvich OWu ations IS s, 
and for mfoimation iespc(tm« the Object-glass, Aimul.u, mu\ oUiu 
Miciometeis, fc.ee Di Pearson’s Introduction to Piactu al Astionoim 
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THE OBSERVATORY 

In so variable a climate as that of England, whcie oppoi- 
tunitics foi astionomical pursuits, especially at some seasons 
of the year, aie raic, and even those gene tally of shoit duia- 
tion, it is haidly possible to perscvcic in anything like a sy¬ 
stematic couisc of observations, unless the mstiumcnts aie 
piotccted by some sort of covenng in the shape of an obser- 
vatoiy, however humble and unpietendmg it may be The 
amateui, who has no object beyond the giatification aiismg 
flom a telescopic view of the heavenly bodies, has meiely, m 
favouiable wcathci, to cany out his telescope and piocced at 
once to his amusement, and even to one who ascends a step 
highei, and indulges in the luxury of an equatorial stand a 
stone slab upon a lawn with thiee giooves to guide the feet 
of his mstiumcnt to theii piopei position —01 a similai guide 
in an open balcony, or upon the flat loof of a house, is all 
that is absolutely lcquned to lender such means available at 
veiy few minutes’ notice. But to one who desues to join in 
the lace of astionomical discovciy, or can find plcasuie only 
in that dcgicc of exactness of which astionomical obscivations 
aie capable, something more is needed than the mere cxtcin- 
poiaucous equipments above adveited to. 

It is quite possible, indeed, and not an uncommon pi acticc, 
to leave the stand of a Tiansit Instrument m the open an, or 
piotccted only by some walci-pioof covenng, and to cany 
out the instrument and lectify it foi an evening's observa¬ 
tions by means of the level and meridian maik, and so also 
with icspcct to an Equatonal But in nine cases out of ten 
the eve ning which piomiscd to be fine turns out cloudy and 
unfavoui able, and nothing m such a case lcmams foi the 
astionomci, aftei all the laboui of carrying out and adjusting 
his mstiumcnts, but to lcmove them fiom then stands and 
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replace them m their boxes A few such disappointments, 
with the fruitless exposuie to night an, and perhaps some 
unpleasant inroad upon the health, have a wondeiful effect m 
ch illin g the aidoui, even of one who commences with good 
piepaiation and with no common degree of zeal 

But the election of an obseivatory is an undeitaking from 
which many recoil who spend liberally m the puichase of 
good and efficient instruments Such a work is associated in 
the imagination with much costly machinery and some aichi- 
tectuial decoiation, all which, where economy is not an ob¬ 
ject, maybe desnable things enough, m so fai as they add to 
the comfort, or display the taste of the proprietor—but that 
they are not indispensable, the author believes he can show 
by citing one or two examples 

The late Edward Troughton, who resided constantly in 
London, and in one of its most crowded thoioughfaies, con¬ 
trived a suppoit foi an mstiument by fixing two beams of fii, 
parallel to each other and about 12 inches apait, into the 
opposite side, 01 paity-walls of his house The walls weie 
about 15 feet asundei, and the beams extended fiom side to 
side peifectly untouched by the loof oi othci pait of the 
building The beams weie tied togethei by blocks of wood 
between them m two oi thiee places, and a stone slab about 
4 inches thick was laid upon them, and upon this the instal¬ 
ment was fixed 

The standing loom was upon a flooimg, suspended by 
non lods fiom the lafteis above, and two stops on each side 
enabled the observei to pass fiom the noith to the south side 
of the flooring, oi the lcvcisc, without nslc of touching the 
beams or otheiwise distuibmg the mstiument. 

The obscivatoiy was in the fiist instance covered by a re¬ 
volving dome of coppei, which continued thcie many yeais— 
but on falling into bad repan was replaced by a dooi sliding 
sideways upon the roof of the house 

The fiont of the house, having veiy nearly a southern 
aspect, and being as lofty as the buildings around it, gave a 
clear and unmteirupted view of the mendian fiom the noith- 
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em to the southern honzon, 01 veiy ncaily so ; and a chink in 
the masonry of St Andrew’s Chiu eh m Ilolborn, at about the 
thud of a mile distance, being exactly to the north of the 
obseivatory, seivcd excellently as a niciidian maik 

To the east and west, at about two houis from the mcn- 
dian, the view was intercepted by chimneys, so that, although 
the place was admirably adapted foi mendLonal observations, 
it was limited in its lange foi an Equatonal or an Altitude 
and Azimuth Instrument 

In this humble election, tlnough a long course of years, 
beginning at about the yeai 1780—several mstiuments which 
subsequently became known m the annals of practical astro¬ 
nomy were completed and verified—many hints suggestive of 
impoitant improvements weie obtained, and by the experi¬ 
ence of their woikmg and of the wants of astionomy in this 
department, aided by his gieat natuial taste and talent, the 
distinguished piopnctoi was led to the adoption of that sym- 
metiy of form, and unprecedented accuiacy in all the details 
of astronomical instruments, for which his woiks aie so de¬ 
servedly celebrated 

It may excite wonder, that in such a situation as Elect 
Stieet, any such thing as an astionomical observation could 
be made at all, seeing that the place is m an almost peipetual 
state of tieinblmg and vibiation, a condition which contrasts 
amusingly with the pains that arc taken to ensure steadiness, 
even in places lemote from towns, and to all appcaiance free 
fiorn every immediate cause of (listuibance But Tiougliton’s 
method was to take the time, oi the decimation, as the case 
might be, when the object vibrated equally on both sides of the 
diaplnagm-wne of the instrument, and he jocularly insisted 
that such a condition was piefeiable to perfect steadiness — 
and although the author cannot subscubo to this view ol the 
ease, he can attest without hesitation that the accuiacy of 
which observations, whcthei of light ascension 01 of declina¬ 
tion, arc in such a place susceptible, is truly suipusing, and 
with a disciplined eye not girally inferior to othois made 
under no such disadvantage 
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One fact in connection with this obscrvatoiy may be men- 
of the atmt •>***"" £ ! 
pagated by means which appeal quite inadequate foi the p> 
duction of such effects Of the twenty-fom horns of each 
daf two only m Beet Street arc hours of compaiative repose, 
and those aie between two and foui in the inoml “°J 
about the foimei horn the last loiteici in on. lac 
amusement is on his way home, and at the ^ten te 
waggons of the market gaidenei arc again iumhhn e < S 
the 8 street Dunng this intcival only an occasional cai ua 0 c 
passes, and its appioach can be seen by the apparent ve u- 
tions of a star in the field of the telescope, some coiasiduabk 
time before the faintest mmmni of the rolling of the wheels 

upon the pavement is detected by the cai. 

\he Jita lcpicaentativo of Tiougliton', OW.itory 
.tod, within . few yauU of . 1 , p.otoo,, and w.» do- 
signed for a Clock, a Transitlnstiumcnt, and an 01 diu.uy bepia- 
toiial oi the zodiacal foim It has howeve i be on supcseded 
by one at the distance of a few miles fiom London, to which 
the mstiumcnts have been lcmovcd, and of which the follow- 
ins; is a dcscnption 

Fig 48 is a plan of the buildmg The length of it is 
Fig 48 



16feet, thebicadtli 7 feet, and the height 7 feet The length 
as fixed due cast and west The duo. is s.t cut eel at u, a w m- 
dow at b, the support of the cloe k ate,the pun for he lunn 
Instrument at d, and a similar one at e fen the* Upuluual 
To the south of the Transit Instrument is a nattmv ope 
closed by a door it descends below the hoi won of the 1 ui-tni- 
ment, which can by this means be directed to a meiiehan 
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maik Between the floonng and the piers a considerable 
space is left m oidei to pi event the possibility of contact, 
this must m all cases be caiefully attended to, 01 vibiations 
will be communicated to the mstiuments, and peihaps even 
then adjustments disturbed The sides and ends of the build¬ 
ing aie foimed of an open but well-biaced fiamcwork of 
timbei, the outside being coveied with asphalt felt well- 
coated with paint, and the inside with an oak pattern papei 
stiamed upon canvas, which gives to the room a neat and 
finished appeal ance 

The loof is flat and neaily level, only sufficient inclination 
being given to it to diam off 1 am upon one side Half the 
loom fiom a to / is peimanently closed, and gives space foi 
a chair and table The other half, 01 that part in which the 
mstiuments aie placed, is coveied by a shuttci which can be 
lun off upon the coveied part Foi this puiposc an lion lail 
the length of the building is sciewed down on each side, and 
upon the undei side of the shuttei scveial lolleis aie fixed 
which mn upon the iails The top, like the sides, is coveied 
with asphalt felt 

The picis foi the mstiuments aie of buck, built m Roman 
cement, and the pier foi the clock is foimed of two deals 
1-] inch thick and about 10 feet long, screwed togethoi m 
planes at light angles to one another (_L is the honzontal 
section), fixed eicct in the giound, 4 feet ol the length being 
beneath the siufacc 

When the Tiansit Instrument alone is m use it suffices 
toiemovc the shuttei a few inches, but when obscivations 
aie to be made with the liquatoiial, it is idled away until the 
space df is entncly uncovcicd, thus giving a cleai and umn- 
teirupted view ol the heavens 

Tliio kind ol lool is suited only to the Piaunhofei and zo¬ 
diacal foi ms ol Equatonal, which admit ol the telescope being 
placed just beneath the shuttei, a condition essential, inas¬ 
much as the view foi sevcial degiecs above the hoi izon would 
otherwise be obshueted by the sides of the building 

The small cost of such a covenng foi an Equatonal is not 

v 2 
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its only xecommendation a telescope peifoims bettei m the 
open air than when directed through any aperture or window 
whatever, it being impossible in such a case altogethci to 
avoid eddies of diffeiently heated cunents of an, which aie 
mvaiiably fruitful souices of mischief, and frequently destiuc- 
tive of everything like satisfactory vision It is fuithei to be 
observed, too, that to a bcgmnei in astionomy a knowledge 
of the visible heavens is neithei a useless noi an unpleasmg 
attamment, and this is not to be made by an obseiver who 
looks at the stars through an opening m the roof of an ob¬ 
serving loom, unless he make it a distinct object of study 


Fig 49 



The foim ot observatory pictty generally adopted is shown 
m plan and elevation by figs 49 and 50 The enculai tomn 


Fig 50 



F1o\<ition 
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A is intended to leceive the Equatorial, and is surmounted 
by a revolving ioof, to which eithei a cyhnducal or a conical 
foim is often given, as being less expensive, though ceitamly 
less elegant, than the hemisphencal 

If the mstiument be of the Sisson foim, two pieis will be 
lequncd foi its support, but if it be after the pattern of 
Eiaunhofei, one only, m the centie of the 100 m, will be 
needed The Tiansit Instiument may be fixed at B, and the 
clock at C, wheie it can be seen by an observer at eithei in¬ 
stiument The opening foi the Transit Instiument is earned 
acioss the ioof and down the opposite walls of the building, 
m 01 dei that the telescope may command the entne mendian, 
which should cioss the building at light angles, 01 neatly so 
The shuttci ovei the opening acioss the ioof should eithei 
slide off lateially, oi be altogethei removeable In all cases 
it seems desnable that obseivatoiy shutteis should not, when 
open, stand peipendiculaily upon the ioof, for should the 
wind blow against them, not only is there pioduced a diaft 
cxticmcly inconvenient to the obseiver, but a stir and agita¬ 
tion aie kept up bcfoie the object-glass by no means favour¬ 
able to its peifonnance A fuithei and senous objection to 
elect shutteis upon revolving ioo(s is this —m some posi¬ 
tions of the telescope upon a Sisson's or a Eiaunhofei's 
Equator ml, such a shuttci obstiucts the view, and m effect 
greatly contracts the apeituie 

It is a too common fault to make the openings m loofs 
nanowei than they ought to be Eighteen inches is not too 
wide in any case, and in domes of veiy laige diameter the 
opening should be much wider in fact, as before stated, the 
moie m ally an appioachcan be made to the condition of the 
open air, the better, m a gcneial way, will the telescope 
per foi m 

With legatd to the most eligible foim foi a revolving roof, 
nothing can be said absolutely. The cyhnducal, if appcaiancc 
be but a secondary object, is so easily constructed, and affoids 
such uvidy means foi adapting close and effective shutteis, 
that its adoption may be safely iccommendcd. A ioof having 
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a conical form, constructed by the Rev Samuel Kmg, and 
now the piopeity of Wanen De la Rue, Esq, is, peiliaps, as 
appiopnatc and inexpensive a thing of the kind as can be 
met with It is repiesented by fig 51 

Pi if 51 



The interior diameter of the base is S feet 6 inches, and 
the perpendicular height 4 feet 3 inches The framework is 
of deal, m all lcspects as light as is consistent with a due re¬ 
gal d to strength, and the external covenng is canvas, made 
impcivious to moisture by a stiong coat of paint The width 
of the opening is 18 inches, and extends on both sides fiom 
the apex to the base The shntteis aie of deal, and aie re¬ 
moved by lifting off from the outside, an opeiation easily per¬ 
formed by a person of ordinaly height standing on an eleva¬ 
tion of about 2 feet above the sunoundmg lawn One end 
of each shuttoi lests upon the base of the cone, and the sides 
project sufficiently beyond the opening to pievcnt the intrusion 
of ram oi snow The shuttci, which generally lomains m its 
place, has upon its uppci end a piojectmg hp winch per¬ 
fectly closes the apex, and each shuttci is held securely m its 
place by a cross bar, oi button, which turns upon a centre, 
and enteis a mortice on each side of the opening 

Upon the undex wide of the base aie fixed eight i oilers of 
3 inches diameter, which lun upon an non ling screwed down 
upon the wall-plate Eight similar rolleis act against the 
ciul) of the dome, and letain it m a central position Voiy 
little force is required to put it into motion, and its action is 

most effective and satisfactory 

The roof just described was made to eovei an Equatonal 
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of the kind shown by fig 38, cailying a telescope of 5 feet 
focal length and 4 inches aperture Such an apparatus is so 
manageable, and m eveiy respect so well-adapted to the pur¬ 
poses of the amateui, that few will be tempted to exceed 
these model ate dimensions 

Another foim of revolving loof, fig 52, combines the cy- 


Fig 52 



lindci and cone, and has an opening extending fxom the apex 
down to the base, oi vciy nearly so The shutter foi the cylm- 
diical pait opens mwaids, whilst, as legards that upon the 
cone, it may be made to remove entnely, or if this be ob¬ 
jected to, or the outside of the building be not easily access¬ 
ible, the following method may be adopted 

Let a , 6, b (fig 53) repiesent the roof m section At c, m 
the centre, an axis with flanges above and below turns within 


Fig 5} 



a socket formed of two paits oi half holes To the uppei 
flange the shuttei d e is firmly sciewcd, d being one of two 
counteipoiscs, so placed, as, when the shuttei is open, to be 
pcilectly clear of the opening To the lowei flange at c an 
aim is attached, which, passing round to b m the direction 
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of the dotted line, is within leach of the hand of a person 
standing on the flooi of the observatoiy 

That this constiuction of shuttci does not admit of the 
opening being extended beyond the apex, is no objection to 
its adoption if the Equatonal be of the Sisson 01 the Fiaun- 
hofei foim, foi the eccentncity of the telescope on eithei ol 
those mstiuments lequucs that the opening be turned in the 
dnection of the Piime Yeitical in oidei to make a zenithal 
obseivation The necessity foi doing so, might, indeed, be 
avoided by making the width of the opening at least equal 
to twice the eccentncity of the telescope, but this, in most 
cases, would exceed all reasonable dimensions, and with so 
sim ple a remedy at hand deseives no consideiation whatcvei 
The form of shuttei last descubed is likewise applicable 
to a hemisphcucal dome, but the most suitable, pcihaps, is 
that which extends thiough a quadiant, and mns upon lolleis 
on paiallel lidges outside The ndges aie continued fiom 
houzon to horizon, but the opening is on one side only, viz 
fiom the honzon to the zenith, 01 nearly so Fig 54 is a 
cross section of the dome and shuttci Fig 55 shows a sec¬ 
tion at right angles to the last, and exhibits the appaiatns for 
opening and closing the shuttei The two exticmitics of a 
cord of suitable length aie tied to the end of tlic shutter at h. 
This cord passes over a senes of pulleys without and within 
the dome in the diicction of the dots, and at c, a weight, 
which neaily counteibalances the shuttci, is secuicd to it 
The figure shows the shuttci open, the effect of the weight at 
c being to assist in causing it to levolvc on the outside of the 
dome towaids /, and so to close the apcituic ci f When, by 
a gentle piessure, the weight is biought to d, the middle of 
the shuttei is over the apex of the dome, and, when the 
shuttei is closed, i e occupies the position af, the weight 
will be at </, from which it will again descend towaids d when 
the shuttci is leopcncd A biackct might depend fiom the 
base of the dome, and lecemng the weight bcfoie it descend 
to the point d, letam it till the descending shuttei again bung 
it into action 



It is dcsnable to have a small window m some convenient 
pait of a dome m oidci that sufhcient light may be admitted 
foi the obscivei’s occasional o( cupation about the instrument 
Tbc lotation of a dome is most easily cfleeted upon time 
splicies, 01 cannon-balls, ananged at equal distances beneath 
the base The channel m which they liui may consist of two 


Fig 50 



mi£s of non, the ciohs section ot which is in the loim of the 
lcttci L, as icpicscnted by tip; 50, m which a lopiesonth the 
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eirculai wall-plate of timber, and b the base 01 curb of the 
dome Caie must be taken that the wall-plate is perfectly 
horizontal, and that the balls aie of exactly the same dia¬ 
meter The consequence of inattention to these paiticulais 
will be that the balls will change then positions with lespect 
to each other, and must be leplaced before the dome will 
lotate with facility 

A dome of 8 or 10 feet diametei, if the channel be well- 
laid, and there be no tempoiaiy obstiuction, can be moved by 
hand without exeition to an inconvenient degree, but, foi 
giving motion to larger domes, iccouisc must be had to suit¬ 
able mechanical aids, the particulars and mode of applica¬ 
tion of which aie described m many tieatises on practical 
mechanics 

I shall conclude by leferrmg the leader foi examples of ex¬ 
isting Obseivatones, and othei mfoimation of gicat value, to 
the following woiks, viz — 

Memous of the Royal Astionomical Society 
Dr Pearson’s Introduction to Piactical Astronomy 
A description of the Noithumbeiland Equatoaal and Ob- 
seivatoiy erected at Cambridge, by G 33 Any, Esq, Astio- 
nomci Royal 

Results of Astionomical Obseivations made at the Cape of 
Good Hope, by Sir J P W Hcrschel, Bart, in which is 
given a dcsciiption and figuies of a lcvolvmg loof of a pyia- 
nndal foim. 

The aiticle on Obseivatones m “ London and its Vicinity 
exhibited m 1852 John Wcale, High Ilolboin 
A Cycle of Celestial Objects, by Capt W. II Smyth, R N 


THE END 


Punted by Tuvloi and hands, Red Lion Court, Pin t Sti(<t 
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SPECTACLES AND OPERA GLASSES 


Gold Spectacles, Single Joint 


£ 

s 

d 

from 31 3s to 

5 

5 

0 

Ditto, Double Joint 

from 41 4s to 

6 

6 

0 

Ditto, Hand Fiamcs 

from 41 4s to 

6 

6 

0 

Silvei Spectacles, Single Joint 

from 10s to 

0 

12 

0 

Ditto, Double Joint 

fiom 13s to 

0 18 

0 

Ditto, Hand Fiamcs 


1 

1 

0 

Toitoiscsliell Spectacles, Single Joint 


0 

10 

6 

Ditto, Double Joint 


0 

12 

6 

Ditto, Hand Fiamcs 

from 7s 6d to 

0 16 

0 

Fine Blue Steel Spectacles, Single Joint 


0 10 

6 

Ditto, Double Joint 


0 

12 

6 

Eye Glasses, Gold Frame 

from \l Is to 

2 

2 

0 

Ditto, Silver Frame 

from 6 a to 

0 

8 

6 

Ditto, Shell Fiamc 

from 4s Gd to 

0 

6 

0 

(If with Brazilian Pebbles, 6$ per pair exti a ) 




Spectacle Cases 

each 

0 

1 

0 

Opci a Glasses, Achiomatic, Ivory Bodies and Gilt Mountings 





from 21 2s to 

5 

5 

0 

Ditto, Double Bodies fiom 51 15s 6 d to 

10 

10 

0 

TELESCOPES 





1 One-foot Achromatic (Camp) Telescope, having one Drawer 

1 

5 

0 

2 Ditto ditto, Poi table, with Diawers 


1 

9 

0 

3 Ditto ditto, m Electrum 


2 

2 

0 

4 Ditto ditto, laigci apcituic m Brass 


1 

15 

0 

5 Ditto ditto, m Brass, with e\tia Eye-piece and Rest, in a 




Maioon Case 


3 

3 

0 

6, Eighteen-inch ditto, in Biass 


2 

12 

6 

7 Two-feet ditto, Roconnoitnng 


3 13 

6 

8 Ditto ditto, in Elec ti urn 


5 

5 

0 

9 Ditto ditto, m Electnnn, with Compass, &c 


6 

6 

0 

10 Ditto ditto ditto, with foui Drawer® m lhass 

4 

4 

0 

11 Tlmty-meli ditto ditto 


5 

5 

0 

12 Thicc-feet ditto ditto 


6 

6 

0 

Id Mihtaiy Cases and Slings lor the above Telescopes, 





from 10a 6 d to 

0 12 

6 

14 Portable Brass Stand foi the above Telescopes, from 21s to 

2 

12 

6 

15 Dumpy Day or Night Glass 


4 

4 

0 
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16 Dumpy Day oi Night Glass, with Panciatic Eye-piccc 4 11 

17 Two-feet Navy Telescope 2 ^ 

18 Ditto ditto, Biass Body, covered with Leather 2 

19 Ditto ditto, with Spiay Shade '* r 

20 Tliiee-fcet ditto, with Spiay Shade '* 

21 Fom-fect ditto, with Two Powcis, in a Case 12 1 " 

22 Day oi Night Telescope (Deck Glass), with Spiay Shade 1 1 

23 Night Glass ,! ' 

24 Ditto, Achiomatic * } * 

25 Oidnancc Signal Station lelescopc 

26 Thuty-mcli Acluomatic Telescope, two-and-a-quaitei -m< h 

Object Glass, mounted on lha&s Pillai-and-chiw Stand, 
with a Teiicstnal and an Astionomical Eyc-picce, m a 
Mahogany Case 

27 Ditto, with Yeitical Rack Motion , 1- 

28 Ditto, with two-and-tlnee-quaitei-meli Object Glass, with 

Tciicstii.il Eyt-picco to vaiythe Magnifying Down, 1 lnct 
Astiouomicnl Eyc-picccs, anil Tubulai W uul, winch, 
when diawn out, laises the Telescope to a oonvenu nt 
height iox use—the whole packed in one Case about 
tlmty inches long this mstiumenl is powerful "both as a 
Teiiestiiul and as an Astionomical Telescope, and is ap¬ 
plicable to observations of Jupitei’s Satellites, Occulta- 
tions oi Skus by the Moon, &o ~ * 2 

29 Ditto, hut having Fmdei and Vertical and llon/ontal Ra< k 

Motions 

30 Foi ty-hvc-mch Acln omaticTc lcseope,two-and-tIn ee- <p i ai t ei - 

inch Object Glass, on Biass Pill<u-and-claw Stand, with 
a Tcirestual and an Astionomical hyc-piecc, m a Ma¬ 
hogany Case - 23 3 

31 Ditto, but having Fmdei, Veiticai Rack Motion, and an 

evtia Eyc-piecc 1 

32 Ditto, tw'o-aiul-tlnoe-qiuutei-inch Object Glass, with Uou- 

/outal Rack aud Steadying Rods, complete . >1 

33 Ditto, with three-and-a-qiiaitei-mch Object Glass, with 

Raekwoik Motions, Fmdei, one Teucstiial and three 
Astionomical Eye-pieces, m a Mahogany Case 12 0 

34 Ditto, but having Steadying Rods, additional IS U 

35 Ditto, with thiee-and-thiec-cpuutu-mcli Object Glass, 

mounted as above *** 3 

36 Equatoual Stand, instead oi Filial-aml-Claw to the above 

Telescopes, constructed to any given Latitude extia 30 < 
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A7 Achiomatic Telescope, thiee-and-tlnee-quaiter-inch Object 
Glass, with Finder, Eye-pieces, &c, 5 feet local length, 
mounted upon a Umveisal Equatorial Stand 110 0 0 

38 Ditto ditto, 4-inch Object Glass 140 0 0 

39 Ditto ditto, 4-inch Object Glass, mounted Equatoually on 

an lion pillar, with Clock Motion, &c 150 0 0 


10 Completely mounted, Equatorial, with Clock Movement, 

Miciomctcr, &c, 5 feet focus and 4-mch Object Glass 230 0 0 

41 Equatonal Instruments of larger dimensions, having Tele¬ 
scopes varying fiom four-and-a-half to nme-mch Aper¬ 
ture, with finely graduated Cncles, Clock Movement, 
Miciometeis, &c fiom 300Z to 800 0 0 

12 Umveisal Equatonal, with Telescope of thirty inches focal 
length and two-and-tlnee-quaitei apeituie, with decli¬ 
nation Miciomctcr 84 0 0 

43 Ditto, with Telescope of three-and-threc-quaiter-inches 

apeituie, with declination Miciometer 120 0 0 

44 Valley’s Stand, Mahogany, with Brass Fittings 12 12 0 

45 Ditto ditto, laigei size 15 15 0 

46 Collimating and Hefei ring Telescopes, Magnetometeis, &c 

for use in Magnetic and othci Obscivatones 


SEXTANTS, QUADRANTS, COMPASSES, ETC 


47 Tioughton and Simms’s newly-invented double Sextant, for 

Coast and Ilaiboui Surveys . 14 14 0 

48 Metal Sextant, 8-meh Radius, Double Frame, divided on 

Gold to 10 seconds 23 2 0 

49 Ditto ditto, divided to 10 seconds, on Platma 21 0 0 

50 Ditto ditto, divided to 10 seconds, on Silver 18 18 0 

51 Ditto ditto, Solid Fiame, 7-mcli, to 10 seconds, on Silver 16 16 0 

52 Ditto ditto, 6-mch, to 20 seconds 14 14 0 

53 Ditto ditto, 5-incli, to 20 seconds 13 13 0 

54 Ditto ditto, 4-mch, to 20 seconds 10 10 0 

55 Ditto ditto, 5-mcli, to 20 seconds, with Becker Horizon and 

Steadying Rod, m one Case 22 0 0 

56 Ditto ditto, 7-nich, Plain Cast Fiame, to 10 seconds 11 11 0 

57 Ebony Sextant, with Biass Aicli 10 10 0 

58 Trougliton’s Reflecting Circle, 10-mch 23 2 0 

59 Ditto ditto, 12-meh 27 6 0 

60 Boida’s Repeating Cnclc by Reflexion, 6-mth 21 0 0 

61 Ditto, 8-inch . 23 2 0 
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£ 

21 


0 


25 4 
31 10 
0 

40 0 
12 10 


37 10 
36 15 
42 0 


133 Five-mch Ciadle Theodolite 

134 Five-mch ditto (best construction), divided on Silver, Tan- 

gent-screw Motions, &c 

135 Five-mch ditto, with two Telescopes , 0 

136 Six-inch ditto, divided to 20 seconds, with one Telescope ^ ^ 

137 Six-mch ditto, with two Telescopes 

138 Five-mch ditto, with one Telescope, Transit Ams an ei- 

tical Circle 

139, Five-mch ditto, with ditto, ditto, and Avis, Level, Lantern, 

&c 

140 Six-inch ditto, with ditto, ditto, and Vertical Circle 

141 Six-mch ditto, with ditto, ditto, and Axis, Level, &c ^ 

142 Five-mch ditto, with two Telescopes, Tiansit ~ 

Axis, Level 

143 Six-mch ditto, with ditto, ditto 

144 Seven-inch ditto, with one Telescope 

145 Seven-inch ditto, with two Telescopes 

146 Seven-inch ditto, with Tiansit Axis, Vertical Cn 

Telescope, Axis, Level, &c 

147 Eight-inch ditto, Azimuth and Altitude, with A\i 

&c 

148 Tcn-inch ditto, ditto 

149 Twelve-mch ditto, foi IWontal Angles only 

150 Evciest Theodolite, 4-mch 

151 Ditto, ditto, 5-inch 

152 Ditto, ditto, 7-inch 

153 Eater’s Circle, fivc-and-a-ludf-mch, complete 

154 Ditto, 3-inch 

155 Katei’s Eloatmg Colhmatoi, six-and-a-half-mtlies 

156 Level Collimators * l0m ^ S 

(Larger Theodolite &, fyc made to Order ) 


d 

0 

0 

0 

0 

0 


0 

0 

0 


. 40 10 

0 

50 0 

0 

35 11 

0 

45 0 

0 

one 


48 10 

0 

svel. 


52 10 

0 

65 0 

0 

12 0 

0 

22 0 

0 

26 6 

0 

. 36 15 

0 

. 35 0 

0 


15 

s 


to 15 15 


0 

0 

0 


STATION POINTERS, PROTRACTORS, PENTAGRAP1IR, ETC 


157 Twelve-mch Station Pointer 

158 Eighteen-inch ditto 

159 Twcnty-four-mch ditto 

160 Thirty-inch ditto 

161 Thico-fcet ditto 

162 Six-mch best Biass Cucuhu Protract™, with loldmg Arms 

and Rack and Pinion 

163 Ditto, divided upon Silver 


15 

17 

9 

12 

1H 


X li 


5 

5 

o 

0 

o 

u 

5 
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£ s 

d 

164 

Eight-inch best Brass Cuculai Piotractoi, 

divided upon 




Brass 



7 7 

0 

166 

Ditto, ditto, divided upon Silvei 



8 8 

0 

166 

Metcalfe’s Semicircular Pi oti actor 



6 16 

6 

167 

Si\-inch Piotractor, with Vermei and Arm 



3 3 

0 

168 Eight-inch ditto, ditto 



3 13 

6 

169 

Fifteen-inch plain Circular Proti actor 



3 5 

0 

170 

Ten-mch ditto 



3 0 

0 

171 

Eight-inch ditto 



1 11 

6 

172 

Six-mch ditto 



1 1 

0 

173 

Semicircular plain Protractors 

fiom 16s 

to 

2 2 

0 

174 

Ivory Pi oti actors 

from 6s 

to 

0 18 

0 

175 

Ditto, upon Parallel Rollers 

from 185 

to 

1 5 

0 

176 

Ditto ditto (Chaplm’s) 



1 11 

6 

177 

Eighteen-inch best Brass Pentagiaph 



5 5 

0 

178 Twenty-four inch ditto 



6 6 

0 

179 Thiity-inch ditto . 



7 7 

0 

180 

Three-feet ditto 

, 


8 8 

0 

181 

Thiee-and-a-half-feet ditto 



9 9 

0 

182 

Porn-feet ditto 



11 11 

0 

183 

Plain Perambulators (Wood) 



9 9 

0 

184 

Ditto, Brass-mounted 



11 11 

0 

185 

Best ditto, with Metallic Wheel 



15 15 

0 

186 

Trochiametei, for counting the Revolutions of a Carnage- 




wheel 



2 5 

0 

187 

Leather Case and Strap foi ditto 



0 10 

6 

188 

Common twelve-feet Levelling Staff 



1 11 

6 

189 

Best ditto . 



1 15 

0 

190 

Troughton’s Poi table ditto, with Level 



2 12 

6 

191 

Sopwitli’s ditto, 14-feet 



2 12 

6 

192 

Ditto, 16-feet 



3 13 

6 

193 

Ditto, Painted 

from 3 1 35 to 

4 4 

0 

194 

Giavatt’s Levelling Staff, 17 feet 



3 11 

6 

195 

Ditto, Painted 

• 


4 4 

0 


TAPE MEASURES, CHAINS, ETC 




196 Tape Mcasuie, 25 feet, links 



0 7 

0 

197 

Ditto, ditto, decimals 



0 8 

0 

198 

Ditto, 33 feet, links 



0 8 

0 

199 

Ditto, ditto, decimals 



0 9 

0 

200 

Ditto, 50 feet, links 

* 


0 10 

0 
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201 Tape Measure, 50 feet, decimals 

202 Ditto, 66 feet, links 

203 Ditto, ditto, decimals 

204 Ditto, 100 feet, links 

205 Ditto, ditto, decimals * 

206 Land Cham, 50 feet, and Anows 

207 Ditto, 100 feet, and ditto 

208 Ditto, 66 feet, with three Oval Rings, &o 

209 Standard Chain, 50 feet 

210 Ditto, 66 feet 

211 Ditto, 100 feet 

(Stronger Chains, <)c madefoOidei ) 


V U. to 
5/ f>s to 
H/ 8s to 


tunu 1/ IBs. to 
( 10 m 1/ Is to 


212 Camera Lucida 

213 Stand for ditto 

214 Diawing Instiuments,m Skm Casts (Sappeis and Miners) 

215 Ditto, ditto. East India Company’s pattern 

216 Ditto, ditto. Mahogany Case, Addis<omhe pattern 

217 Ditto, ditto, Sectoi-jointed liistiuinuits, Pandh l Kuhns 

Sector and Piotiaotor 

218 Ditto, ditto, with Sector double-jomted Dnuleis 

219 

220 
221 


e s 

d 

0 12 

0 

0 12 

0 

0 It 

0 

0 16 

0 

0 18 

0 

0 13 

(> 

l "> 

0 

1 l 

0 

5 «> 

0 

6 16 

6 

9 19 

6 

V 

2 1‘2 

6 

1 ll 

0 

0 U 

0 


9 k 


o 

o 


222 

223 

224 

225 

226 
227 
228 

229 

230 

231 
2 12 
233 


Ditto, ditto, with piopoitional Compasses 
Ditto, ditto, with Spring Bows • ' 

Ditto, ditto, with lload and Wheel lVns, NeedU-holdo, 
small Dividus, &o 
Ditto, ditto, m ElcoUum, packed m Rosewood and Maho¬ 
gany Cases, best description turn* M 6s to 13 

Ditto, ditto, huge Maga/me Oases iiom 26/ 6s to 36 

(Crises of Instruments fitted up to older ) 
Piopoitional Compasses, lhass, 6-m<h, plum « 1 

Ditto, ditto, with Adjusting S< lew * 

Ditto, ditto, medium, 6-nuh, plain * 

Ditto, ditto, with Adjusting Seiew, Elect rum 2 

Plain Beam Compasses 1 

Beam Compasses with Double Adjustments and Diwded 

Beam u u u 

Ditto, ditto, Tubulai Beam inmiM 6s to 

Maiquois Scales, m Boxwood horn 12* <>d to 0 

Ditto, m Ivoiy ~ 

Ditto, m lhavs * 


1 t <» 
I 0 
li> 0 

7 <» 
9 9 U 


\ l 0 
0 O 

U u 
2 0 
2 t» 
12 U 

u o 

u «> 
10 0 
\u n 

r* «» 
< o 
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234 

Marquois Scales, m Electrum 



£ 

4 

s 

4 

d 

0 

235 

Twelve-mch Ivory Plotting Scales 

from 11s 

to 

1 

1 

0 

23(5 

Ditto, Boxwood, ditto 

from 4$ 

to 

0 

7 

6 

237 Ivoiy Offset and Pocket Scales 

from 2s 6d 

to 

0 

7 

0 

2,38 

Gunter’s Scale, Brass, 2 feet 



2 

2 

0 

239 

Ditto, Boxwood 

from 5s 

to 

0 

9 

0 

240 

Ivory folding Rules 

from 10s 

to 

0 18 

0 

211 

Boxwood, ditto 

from 6s 

to 

0 15 

0 

242 

Gunner’s Rules 

from 3s 

to 

0 10 

6 

243 

Engineer’s Rules of various kinds 






214 

Plain Ebony Parallel Rulers 

from Is 6d 

to 

1 

10 

0 

245 

Ditto, ditto, with Biass Edges 

from 10s 6d 

to 

2 12 

6 

246 

Plain Rolling Ebony Parallel Rulers, per 

mch 


0 

1 

0 

247 

Ivoiy Edged and Graduated ditto, pei inch 


0 

1 

6 

218 

Biass Edged, plain ditto, pei inch, plain 



0 

1 

6 

219 

Bliss Edged and Graduated ditto, per mch 


0 

2 

0 

250 

Paiallcl Ruleis made m Electrum, &c, Curves (m Wood), 





Concave, Convex, &c, Biass Scales, and Brass and Steel 
Stiaight Edges of vaiious lengths 


251 Burners, Napier, Pillar Compasses, &c 

HORIZONTAL DIALS MADE TO ANY LATITUDE 


252 Siv-inch to 5 minutes 110 

25,3 Nme-inch to ditto 2 5 0 

254 Twelve-inch to 2 mmutes, and Equation Table 6 16 6 

255 Twelvc-mcli to ditto, with Turned Edge, &c 7 7 0 

256 Fifteen-inch to 1 minute, without Turned Edge 7 17 6 

257 Eigliteen-mch to ditto, 32 Pomts Letteied, Equation 

Table, &c 18 18 0 

(Larger to Order ) 


UNIVERSAL JOINT DIALS 

258 Two-and-a-half-mch, in Case complete 2 2 0 

259 Tin ec-iind-a-half-meli, ditto 2 12 6 

260 Fom-and-a-lmlf-inoh, ditto, with Levels in Compass 4 14 6 

261 Six-mcli Ring Dial - 2 12 6 

262 Foui-inch ditto 1 15 0 


TRANSITS, CIRCLES, ETC 

263 Twenty-mch Tiansit Instiument, with Iron Stand 21 0 0 

261 Ditto, ditto, with giaduatcd Scale to Level, &c 23 2 0 

2f>5 Two-foct ditto, with Poitable Biass Stand 26 5 0 
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26 6 Two-and-a-half feet Transit Instrument, with lion Stand 42 

267 Ditto ditto, Impioved, two-and-a-quaitei aperture • 

268 Ditto ditto, two-and-thiee-quaiter aperture ’ 

269 Thi ee-and-a-half feet ditto, constructed for fixing upon 

QA 

Stone Piers, complete 

270 Ditto, complete, with Two Setting Cucles, &c 

271 Variation Tiansit 

272 Transit Cucle, 18-inches complete, for fixing on Stone Pieis 1.30 

273 Ditto, 2 feet, ditto ~ 

274 Ditto, 3 feet, ditto 

275 Ditto, 4 feet, ditto 0 

276 Twelve-mcb Altitude and Azimuth Instrument, divided on 

Silver, the Azimuth Circle Reading by Veimcis, «md 
the Altitude by Micrometeis 105 

277 Pifteen-mch ditto, both Cucles leading by Micrometers 130 

278 Ditto, the Altitude Cucle 18, and Azimuth Cucle 15 me lies, ^ 

with Miciometei s 

279 Ditto, both Cucles 18 inches . 

280 Collimatoi m Axis to cithei of the above foui Instiu- 

ments, extia 

281 Twelve-mch Repeating Cnclc (Boida’s) 

282 Eighteen-mch ditto, ditto * 

(Mural Circles , <$c to Older) 


SI 

105 


s d 
0 0 

5 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 


0 0 
0 0 

0 0 
0 0 

5 0 
0 0 
0 0 


283 Dipping-Needle, best construction . 

284 Annular Micrometer, with Eye-piece 

285 Parallel Wire Position Miciometei 8/ 8s, 1 21 12s 

286 Double Image Miciometei, with Position Cnclc, Set* . 

287 Ditto, ditto, without Position Clide 

288 Shpping piece, for use with Position Miciometei 

289 Double Image Dynamctcr 

290 Divided Scale Dynamcter 

291 Reticulated Glass Eye-piece Micrometci, 200 to inch 

292 Wollaston’s Goniometer 


30 0 0 

1 5 O 
and 15 15 O 

1(> H> 0 
12 12 0 

2 12 <> 
4 11 <> 
1 5 0 

1 (> 0 

3 13 6 


MICROSCOPES, ETC 

293 Solar Microscopes horn M lbs hd to 21 0 O 

294 Botanic ditto, small size 0 0 

295 Ditto ditto 1 5 0 

2% Compound ditto how 21 12s <h/ to 5 l f > <> 

297 Ditto ditto, full size, with lluygenian Eye-piece and two 

Compound Acluomatic Object Glasses, one of two 
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£ s d 

inches and the other of half an inch focal length. Back 
and Pinion Motion and Fine Motion to Object End, 

Reflector, Cameia Lucida, Miciometer Scale into hun¬ 
dredths and thousandths of inches, Piessure Box, For¬ 
ceps, Condensei, Bottle of Canada Balsam, 6 Shdes 
furnished with Objects, and 24 spare Glass Shdes with 
thin glass to cover Objects, &c, m Mahogany Case 17 17 0 

298 Compound Botanic Micioscopes, with Level Stage, three 

Achromatic Object Glasses—namely, two inches, one 
mch, and four-tenths of inch focus respectively, with 
Liebeihuhn for the highest powei. Two Eye-pieces, 

Polarizing Apparatus, &c &c, in Mahogany Case 24 0 0 

299 Ditto ditto, very superior, with most impioved Stage, four 

Acluomatic Object Glasses—namely, two inches, one 
mch, half mch, and quarter mch focus respectively, with 
Lieberkuhn’s, Thiee negative Eye-pieces, large Con¬ 
denser, Polarizing Apparatus, Camera Lucida, Stage 
and Eye-piece Miciometeis, three Daik Wells and 
Stage, Nachct’s Pnsm, Condensei and Side Reflector 
foi pnncipal Stage, Apparatus with Side Adjustment 
and Rack Motion foi adaptmg Achiomatic Condensei, 



&c &c &c, in a Mahogany Case 


45 0 

0 

300 

Smaller Achiomatic Microscopes 

from 71 7s to 

12 12 

0 


BAROMETERS, THERMOMETERS, ETC 



301 

Troughtoil’s Mountain Barometer, best constiuction 

12 12 

0 

302 

Ditto ditto, Gay-Lussac’s 

. 

7 17 

6 

301 

Ditto ditto. Ordnance pattern 

. 

7 17 

6 

304 

Ditto ditto, Englehcld’s 

• 

5 15 

6 

305 

Ditto ditto, ditto, with lion Cistern 


7 17 

6 

306 

Leather Cases foi Englofield’s Barometeis 

each 

1 1 

0 

307 

Standard Syphon Barometer 

• 

16 16 

0 

308 

Ditto ditto, with Glass Cover 


20 0 

0 

309 

Marine Baiomctcis 

fiom 41 4s to 

7 17 

6 

310. 

Chamber d'tto 

from 2 1 2s to 

13 13 

0 

311 

Best ditto ditto, with Float Gauge 


7 7 

0 

312 

Wheel Barometeis . 

fiom4Z 4$ to 

7 7 

0 

313 

Sympiesomcter 


4 4 

0 

314 

Tiopical Tempest Sympiesomcter 

* 

5 5 

0 

315 

Wollaston’s Thermometer with Boiling Appaiatus, &c 

4 4 

0 

316 

Thcimometeis 

from 2s 6 d to 

1 15 

0 
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317 Standard Theimometcis 2/ 125 6d and 

318 Six’s Self-Registering Thermometers from 1Z Is to 

319 Horizontal ditto (Maximum and Minimum) fiom 155 to 

320 Day oi Night ditto. Singly fiom 7® to 

321 Hygiometei, Pocket, Biass 

322 Ditto ditto, Gilt 

323 Ditto (Mason’s), Wet and Dry Bulb 

324 Ditto ditto, m Case, for Tiavelleis 

325 Ditto, Darnell’s 

326 Ditto, ditto, Laigei Size 

327 Ram-Gauge, Funnel, Bottle, &c 

328 Ditto ditto, with Scale 

329 Ditto ditto. Best 

330 Whewell’s Anemometer from 12/ 126 to 

331 Lind’s Wmd-Gaugc 

332 Geothermometer 

(Various other hinds made to Order ) 


£ s ct< 

1 3 0 

2 2 0 
1 11 0 
0 13 0 
0 12 0 
0 18 0 
0 18 0 

1 5 0 

2 12 <> 

4 1 0 

0 1 (> 0 
2 2 0 
4 4 0 

15 15 0 
3 3 0 
2 2 0 


AIR-PUMPS, ETC., AND APPARATUS- 


333 Professoi Leshe’s Machine for making Ice 

334 Ditto for ditto, with one Plate 

335 Laige Air-Pump, on a Stand, with Barometer Gauge 

336 Large Table ditto, with Syphon Gauge 

337 Middle Size ditto, with ditto 

338 Small Size ditto, with ditto 

339 Single Ban el ditto fiom 1/ il6 6</ to 

340 Guinea and Feather Experiment, Receiver included 

341 Set of Wmdmills fiom 1Z 156 to 

342 Apparatus for Ficczing Watci 

343 A Bell for proving that without Au tlieie is no Sound 

horn 1()6 ()d to 

344 Brass Hemispheres, to demonstiate external Pressure 

liom 20s to 

315 Model of a Water Pump 

316 Double Transfenci 

317 Single Tiansfenei, with Fountain Pipe 
348 Glass Vessel foi Fountain m Vacuo 
319 Six Breaking Squaies, Cage and Cap 

350 Appaiatus foi Stnkmg Steel and Flint m Vacuo 

351 Coppei Bottle, Beam and Stand, foi weighing An 


78 0 0 
18 0 0 
22 0 0 
15 15 0 
9 9 0 

6 16 6 
4 l 0 

2 15 0 
2 12 6 
1 1 0 

111 6 

l IS 0 
1 11 6 

3 3 0 
1 5 0 
0 7 0 
0 IS 0 
0 IS 0 
3 3 O 
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352 Model of Foicmg Pumps for a constant Sti cam, with glass 

barrels 

353 Gun Lock Experiment 

354 Bacchus ditto 

355 Tomcelhan ditto 

(And various other Escperments ) 


ELECTRICAL MACHINES AND APPARATUS; 

356 A twelve-mch Electrical Plate Machine, packed with Medi¬ 

cal Apparatus 

357 A fiftcen-inch ditto 

358 An eighteen-mch ditto 

359 A twenty-four-inch ditto 

360 A Cylmdei Machine, 16 by 10 

361 A ditto ditto, 14 by 8 

362 A ditto ditto, 12 by 7 

{Larger Machines made to Order ) 

363 tJmveisal Dischargei and Pi ess 

364 Jointed Discharger, with Glass Dandles 

365 Ditto, plain from 4a 6d to 

366 Electrical Batteries of Combined Jars from 21 12a Gd to 

367 Cuthbertson’s Impioved Electrometer, with Gram Weight 

368 Bennct’a Gold-Leaf Elcctrometci 

369 Cavallo’s Bottle Electa omctei, for Atmosphcncal pui poses, 

from 12 a to 

370 Quadiant Electrometci, with divided Aick 

371 Ivmncrslcy’s Electi ometer 

372 Coulomb’s Electrometer 

373 Pith-Ball ditto 

374. Luminous Conductors fiom 12a to 

375 Tliunder-house, for showing the use of Couductois 

376 Thundci-house, with a Diawci 

377 Powder House, lor showing the use of Conductor 

378 An Obelisk or Pyramid foi ditto 

379 A Magic Pictuic loi giving Shocks from 7s 6 d to 

380 A set of 5 Spiral Tubes on a Stand 

381 A set of 5 Spual Tubes on a Stand, with a Dome 

382 Luminous Names or Words from 10$, 6 d to 

383 A Set of 3 Plain Bells 

384 A Set of 8 Bells, containing the Gamut 


£ s d 

3 3 0 
1 1 0 
1 14 6 
0 10 6 


, ETC. 

7 10 0 
10 10 0 
12 12 0 
18 18 0 
12 12 0 
10 10 0 
7 17 6 


1 16 0 
0 12 6 
0 8 6 
10 10 0 
2 12 6 
0 18 0 

4 14 6 
0 9 6 

1 l 0 
1 16 0 
0 16 0 
1 0 0 
0 8 0 
0 9 6 
0 16 0 
0 10 6 
0 16 6 
1 16 0 

2 8 0 
1 11 6 
0 10 6 
1 14 0 
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£ S a 

385 Diamond or Spotted Jais from 8s to 0 16 0 

386 A Small Head with Han 0 8 0 

387 Sportsman and Buds 1 16 0 

(All other hinds of Apparatus to Order ) 


388 Atwood’s Machine for Demonstrating the Law of Accelera¬ 
tion m Falling Bodies from 202 to 30 

380 Working Models of Locomotive Engines 

390 Model of Biamali’s Hydrostatic Press 

391 A Small Still with Woim, Tub and Lamp 

392 Whirling Table complete 

393 Small Balances 

394 Ilydiostatic Balance ^ ^ 

395 Model of Centrifugal Pump from 4Z 10s to 7 7 

396 Bui Magnets for Correcting the Deiangement of the Com¬ 

pass m lion Vessels, 2 feet, each 2 1 2s , 14 inches, each 
U 1$ , 8 inches, each 

(Models of Machinery, Qc made to Order ) 


0 

from 20Z to 40 0 
15 15 
2 18 
30 0 

from 4/ 4s to 7 17 


0 10 6 


books. 

A Treatise on the Pimcipal Mathematical Instiumcnts employed 
m Surveying, Levelling, and Astronomy, explaining then 
Construction* Adjustments, and Use, with an Appendix 
and Tables By Ficdenck W Simms, Sui veyoi and Civil 
Engineer, late of the Royal Observatory, Greenwich, and 1 
formerly employed on the Ordnance Smvcy 7tlx Edition, 
enlarged 

A Practical Treatise on Tunnelling By F W Simms . 

Asti (monacal Tables and Formulae By tlie late Fiancis Brnly, 
Esq, F11S, &e &c. (a few copies only remaining) 


THOIKIIITON and SIMMS bog to caution those who may have otca- 
Mot. to mite ft mu alnoad, that no ichanco can be placed on the gi muueness 
<»1 (he lust laments they obtain, unless the application he made direct, or 
through tlie most lespectable elianncls. 



